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F O R E W O R D 


Jn lh<' bcK>k Geacki'jtusfry for iiceryone .\. I't-rsman olh-r-.s an 

riilc riainin.i» a('c:oiin( ol tin* many y<ars of work In* to clr*\<rlo]>in.E; 

i^c'oc h«*niislr\. thtr new branc h of cj^croloj^iral sc it:nc:r. and sf ri\'f\s to show the: 
c hemic al life of our j:>lanet as if aj^pi'arc-d to liis imas^inalion enric hed by e*x- 
tensi\t' seientilie <‘xp<Ti<‘nee. 

i'his nt‘vv branrh of seienec* about the c-arth came into berint^ in the bi'i^innint^ 
of our c:c‘ntury and is set. forth in the works of the.' outstanding Scn ic'l seieniists 
Ac:adc‘mic ians \‘. V'ernadsky and A. F<*rsman. 

Jt took a lot of work and time* bc*fore u^c'nc.'ral idc.*as cjl'thc* c ia ntieal composition 
of the* c'artli's c rust could emi'r.i'e I'rom flic* separate* and isolated ol>sr*r\’;itions. 
'The* projjfress made by nuclear physics and rheinistrs , the* sc ic-net's about fh«* 
siruei-urt* of inatlt'r, hc'lped the* i^eolo.iJ^isl and min<*ralo.<(isl to ^c'l a clt'ar in.sii^hl 
into the* distribution and cycle of matic'r in the* C'aiih’s crust. Nfaii was able* 
to jufrasp the* unity cif processes vvhicli take plac:e in ihc^ rniniiiesL particles of 
matter, i.c*., atoms and moleculc;s, and in its tremendous universal condc'n- 
sations, i.c*,, the* suns and the* rc*inoi<'si stars. 

I he- sc'ic’iic c* of t>[C“Oc;heniistry was c-oiiiint? into bc‘inju^, a sc ic-nc'c* whic h leads 
us into the: held of accom]ilishrn**nls made* by < hemic:al jihysics, c i^smic' c hemistry 
and astrophysics and whic:h, at the* same time, subjoins the* ac'hicrvc*mc*nis of 
ihc-sc' seic*ncc*s to the: }>robl<.*ms of study in.ef minc*rals. 

.Alt'xanc.lor l*'c*rsman was an c*nthusiasl of .ereocdiemistry, one* who had a pro¬ 
found undc*f'standini*; of its si.ejnificancc* to the c‘cc^nomic;. and cultural life* of 
file* crouiilrv. 

H e won wide pcjpularity with the* Soviet youth by his ardc*ni love of sc ieiic e 
and life: which inspired him in writin.i? the: rc'markaljle pojmlar-sc;ic*nec! books 
for tile younf^ pc-ople; the* bc'st of ihc-.sc* hooks include' liis XHneralogy for Kieryone 
and (»eochctni.\try for Kveryone. * 

It is a mattc:r of rc-grc't that the* autlior was unable* to (inisli his Georhernisiry 
for liveryone and some chapters had to be c'omp!c:tc*d by his friends and ]iupils. 

'J'hus, the* c.:haplers “World of the* Invisible.:’' and the “Atom Disintc-jEvratc-s" 
vvcTc* vvrilt<*n by Ac ademiedan \'. Khlojiin, the rhaplens “( ^arbon'* and “Atoms 
in Water" vv(*r<- contributed by Academician .A. \’illc\^:radov, while' the* c:haj>tc*r 



“Karo I>is]M*rs<*d Klniionis” bt*loiii;s to tin* pon of Professor V. Shcherbina. 
Materials conipiK*d by A. Persman were used in tli<‘ eliapler “From the History 
i>r Cr<-oehemiral Ideas,” \vritl<'n by Aead<*mieian D. Sht.herbakov. and “Atoms 
ill the History of Mankind,” presented by Professor N. Razomovsky. 

rh<r book was first publishetl in 1948 under lh(‘ jt'eneral scicntiiic editorship 
of l*rof«‘Ssor X. Kazumovsky with Academician W K.hlopin actint; as consultant. 
They did all they coultl to bring th<“ book as close to A. Fersman’s own idea 
as ]>ossibIe. 

A. Fersrnau is \vi<l<'ly known as an outstanding mineralogist, geochemist 
and g<*ographer, as a |jersistent explorer of tlie iniiii'ral resources of the U.S.S.R,, 
as a tirel<*ss traveller and a brilliant popularizi'r of geological knowledgi*. 

He was born in St. Pt'tersburg in idH'p rh<* future scientist spent his childhood 
in th<‘ C.Irimi'a where he learned to Io\'e the sciiMice about stones. “'I'he Cilrimea 
was in>' first university,” the Acad«*rni<dan used to say. 

The youth, w'h<» W 2 is at first aitracf<*<l by the external beauty of stones, grad¬ 
ually b<*c.am<* inier<*sled in questions of their composition and origin. 

After gratluation from st'C'ondary school A. I'ersrnan studii^d at Moscow 
Hniversity where he attenfled lectures on inincualogy and worked under the 
supervision of Acadc-mician V'ladimir N’ernadsky. 

Ikrfore V'ernadsky niinerahjgy was taught at the unixersity as a dry and 
tedious subj<*ct. The mineralogists of the end of the 19th century mainly described 
iht^ minerals, studied th<‘ir erystalloi^rapfuc I'orms and systt*maiized them. 

X'ernadsky brought a breath of fr<*sh air into this descriptive mineralogy. 
He b<*gan to regard minerals as produels of natural (tt'rrestrial) chemical 
n-actions and took an interest in the conditions under w'hich they had formed, 
i.<*., their birth, their life, and their transformation into other minerals. 

"f'his was no long<*r the old mineralogy wiiic:h indilTerently describ<‘d the 
w'onders of the <*arth\s entrails. 'I'he \oung resc'arc hers had new passions and 
new ideas. Fht'y were not mt'rely mineralogists, but chemieo-inineralogists, 
“'J'hal was how our l<*acher taught us,” .A. Ftrrsrnan lalc-r recalhtd. “Fie com- 
l>in<'d chemistry with nature* and chtmiital thinking with the m<*t}iods of a 
naturalist. It was a school of im*w natural science bas<*d on the exact data fur¬ 
nished by the sc ience about the* cheniic:a! life of the; c*arlh.” 'Flic* sc'ic-ntific work 
was done* more in the* field than in the sec fusion of university stucli«‘s and 
laboratc^ries. f’.xcursions and expeditions, \vhic:h wc*rc* lal<*r r«'caiic*d by A. Fc’rsman 
time and again, foriiiecf jjart and parcel of lc*arning, 

Fime w-ore on. Knowledge* was acquirc*d through hard work. The young 
scic'ntists studied clay and night somc-iirnes slaying in the univc'rsity building 
for days on <*nd. 

A. Ferrsman was gradualc'd from Moscow Univ<*rsity in 1907, but c*ven 
as an undc*rgraduate he* had writtc-n five* sc ientific papc*rs on problc*ms of c ry'stallo- 
graphy, chc*mislry and mineralogy under W \’c*rriadsky’s supervision. For thc^se 
papc*rs he was aw'arded the Antipov Ciold Mc'dal, granted to young scientists 
by the* Minc-ralogical Society. 

At the* age* of 27 Alc*.xarider FVrsrnan w^as eli'crl<‘cl professor of min<*ralogy 
and in 1912 he* b<*gan to tc*ach a new subjc*ct - gf'ochc'mistry --for the* first lime 
in th<* history of sc*ience. 
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In his IrrUires A. Fcrsman espcrially <fnii>hasized that “. . . VVe must be 
chemists of the earth’s crust. We must study not only the distribution and 
formation of mineraJs, these temporarily stable combinations of elements, 
but also the v’ery <‘lemenls, their distribution, their transitions and their life.” 

The* same year mark<*d the beginning of A. Fersmari’s unintcrrupt<*cL lifelong 
activiti<rs in the Russian .Academy of Sciences, first in Pc'tersburg and th<*n in 
Moscow. 

The CJrcat Octoberr Socialist Revolution set up entirely new and favourable 
conditions for seientifie n\search. Unlimited opportunities to exercise all his 
creative, abilities opened up b<*fore F’ersman in studying and investigating the 
natural productive forces of the country. 

Profound and penetrating investigator as he was, A. Fersnian was one of 
the slauiK ht‘st and most ardent supporters of applic'd activ'ity; he never cea.sed 
to summon the sci<rnlists into the field of practical, national-economic: interc’sts. 

Ill 1 <-)!<), at the age of 35, A. Fcrsman w'as elected member of the -Aradc-my 
of Sric*nec\s of the L'.S.S.R. and at the same time' a]>pointc'd Director of the 
Mineralogical Museum of the Acadi*my of Sric'nec's. 

In appraising Fersman’s creative life we cannot but be surprised at the variety 
of his scic'nlilic and ]jractieal interests and extraordinary rflicriency. In devc-lop- 
ing the* sei<*ntifie j>rincipl<^s of geochemistry and mineralogy lie considc*red 
held res(*areh of [iriine importance. Ht* tc^ok a ve*ry ac:tive part in expc'ditions 

and visited the most divc*r.se rergiems of the country. the* Khibiny tundra on 

Kola Peninsula, flourishing l^'erghana X'alley, the hot Kara-Kum and Kizyl- 
Kum sands in C^entral .Asia, the vast taiga spaces in the Baikal and the Trans- 
Baikal regions, the wooded eastc-rn slopcrs of the Urals, .Altai, the: Ukraine, 
the (Crimea, the North Uaucasus, 'Framcaucasia, etc. 

Of c^xccptional interc'st are the* truly heroic c'xplorations of Kola Peninsula 
bt'gun by A. Fcrsman in Khibiny in 1920 and in the Moncha tundra in 1930 
and cc^nt inning to the vc'.ry end of his life. 

His greatest achievement w'as the discovc*ry of apatite and nickel-ore deposits 
of world imj)ortance. 

As a result of extensive work done by .A. Fersman and other spc'cialists Kola 
IVninsula has givc’rn the country some of the richest deposits of numerous 
minerals. 

Industrial exploitation of the resources of Kola Peninsula began in 1929. 
The remote and at cjiic* time scarcely-known w'ilderncss in the distant North 
has changc'd into a most important mining and industrial region. New cities, 
at lirst Khibinogorsk (now Kircjv’sk) and soon aftefw'ards Monchegorsk and 
otherrs, have* arisc'n in the uninhabited areas as if by magic. 

Hcrre is what .A. Fer.sman himself wrote about the work on Kola Peninsula; 

“In the midst of all crxperiencc!s of the past, amid the various pictures of 
nature, man and economy, the most vivid in my life were the impressions 
of the Khibiny, a whole scicrntifie epos which for nearly tw'enly years occupicxl 
my mind, consumc'd my crfforls and energy, took full pcjssession of my being, 
sharpened my will, my scientific thinking, my desires and my hope's. . . . Only 
by slubbornne.ss and persistence, only by tremerndous work were w'c able to 
achieve rc'sulls in this w'onderland w'hich revealed its riches to us as though 



in a. rairy-lalt*/'' The* Khibiny pt^riocl <loc*s not overshiidt>\v Kc-rsman’s othc'r 
s< if-niilt*' n*s<*arch- ib* had <‘noui»h <'n(*ri?y IVir rv<Tylhini^. 

In Frrsinan bri^an his work in CI<'ntral Asia and his infj‘rrst in this 

vv*>rk «’ontiniu'<l to tht‘ ond <ir his lifr. In 192“, h<‘ V4*ntnrrd a darini» trip to 
ih«* <'( !itral Kara Kinn, barrly known at tho tiiii*-, and stiuhrd a rit h deposit 
ol nativf sulphur w Inc h has brroiiu* tht^ propt-rtv cifSovit't inchisiry. 'I'hf su]])hur 
plant l^uilt with his aid is still working today. 

!^<‘lw<.*t*n i<lS 4 and 19:^9 A. F<*rsman linish<-d his ( apital Ibiir-volum** work 

(it'oehnnistry on the- clu-mistry ol ihr fhaiirnts of th«‘ earth's crust, a work ro* 
rnarkal)h- tor its fort i' and st irntiiu- fbr<*sit;ht. In (his work. bas<‘d on ilu* laws 
or ])livsical t hriuistry. whic h broumlil A. I’t'rsrnan and. in his ])<‘rson. Russian 
t»i‘oc In mistrv world fainr. h«‘ made an rsi«*nsi\ c anaK sis ol' thc‘ rc'^ularil i<*s 

of tnii^rations ol att>nis in tin* carih's crust. 

In 19(0 ^’l'rsnlan fuiish<‘d his .\/irit'r/i/.\ on hold i^minsuhi. In this work 
he* i»a\c‘ a brilliant oxanipli* <»t a fc»oo<hfnn< a I ap]>roach to tin* study of 
mine ral r»*sourc<-s and pr<‘dic ic cl the* discove ry ol a numbe r of ne w mine-rai 
de*[)e >sils. 

A. l-'e-rsman has Icfi us an eaiormous lit< iai\ heaitaiie'. lb- piiblishc'd t l<*sc 
to i."jf»o article's, bc»oks and lart»<- monojE*raphs. In addition to tin' works on 
c r\’stall«»^ra])liv. mine*ral<ii^\ . i:r<Miloi»\', c heauistry. ii[<*oc heanist t*\ . i^«'Ojt*raphy and 
aerial i)hotf».i5ra[>hy h<* wren- on astre>nc>niy. philosophy, art, archaeology, soil 
scie'ncc, biolot^y, ct< . 

Alc.xandcr l^'crsman was not onl\ a sc ie*ntist. but a public' timire* and statesman 
as w'c‘11. 

Spec ial mc'ntion must bc' made* of him jis a talented write*r and j>opularizi'i 
ol' tjeoloL^ic al knowlecli'e-. a “poe-v ol stone's,'' as A. rolsle>i c alh'd him. 

His re(>orls. lectures and personal chats inspired and I’aseinatc'd his listemas 
of all au^es ami oc c iipations, w hile' his numc’rous pe>j>ular“sc ie*iic e- :iriie l«‘s vxe ie' 
re-ad b\- all se-c lions of ihi' |>opuhition. 

J'he tir.st <-dition of .\ finetaloo y /(tr Jinrynm* ai»]M'aretl in 19*^8: the* book was 
translated iiite) many tonii^n lanmiai!<*s and has run into ‘j-, I'ditions. Rt^collt rtion\ 
tihout n Slnnv was published in 1940. .My lrorfl\. Shnic\ nhont l*rerion.\ Sfonr\ and 
(•riKhcmi'ilry for I'.rrrvonr eame- c»ui of ]>rini arte-i* .\. l-e-rsinan's de*alh. All the-sc' 
books have- made* him \<ry jjopular with readers of all auje-s. 

Suc h books de) not lome int«> bc'ini^ all of a sudde-n. I'he-y are* a n'sult. of lon^ 
ye ars e>r c rc-a(i\<■ work and e-\pe*rie-nee*: thc*N refle c t the' e'ntire- life e>l tlie- sc ic*nt.ist 
smcl his st ie*ntihr inte-re-sts. At the* same* time- thi'se- are- liooks of an experie'nc te 1 
and tale*nte*d le-ache-r who ap])reeiale*s the* problems of e-elue^itini> the- risint*; 
sc ie*nlific' ge*n(*ration. With his fe rve nt words c»l a wrih'r and s|)e'ake'r A. 1 ‘e'rsm.^ui 
kificlle-rl the* love- for inine-rale)^\- and t»c‘orhc*mistry in l<*^^ion,s of younc» p<*op|e- 
and Ic-d a lartje riuml)e*r e^f sc ie-ntilie- wc>rke'rs to ne-w studie's and re'se-arc h. 

Fe*rsman's ,i.»re*at lo\e* for his native* land should be- p<irticularU- e*mphasix.e-d. 
This lc.^\ c- is felt irt e-ve ryoni- c>f liis siatc-rne-nts, in e ac'h line* of his w ritini^s. .\II 
his essays are- h\'mns ie> lal)oui', c allinjir lo inaste*rv and to c'! e'ati\'i* t i ansformatiejn 
of the* eountrv's nature* on the basis of c'xai:t sf'ic*ntilie knowledge-. 

“We- do not want to be jdiolc>i?raphe'rs c»f nature*, the* c*arth and its rie lie's.” 
Fe*rsman use-cl to sa\-. “We* want to be* in\e*sti3t»;jitnrs rUid cre-ators of ne'w idc-iis; 



w<‘ warn to ronqurr nature and to siibordinale it to man, to his c iiltun: and 
<*conoiny. 

“Wi' do not want to l>t‘ merely accurate obs(*rvers or impassive tourists who 
jot down their iinj)resslons in a iioie-l>cH)k. We want to iJ^<’t a d<*<-p insijuhl into 
nature so that our profound and thoutjhtful investit>ation of it in;u not only 
give rise, to id<*as, but also n-sult in df*eds. We caniuit be mc’rcly idle admirers 
of our vast country; wr must actively hcdp rc'sliai)e it and <r<‘aie a new life.'* 

Life without work anrl science had no meaning to h’ersrnan. The more' diffic tilt 
lhf‘ task he faced the greater the* 7.c‘al with which he tackled it. 

A. I'ersinan dic'd aflc-r a grave illness in iq4^i. 

“'I'lie services rendered by A. hersman to scic'nec' and to our c:ounir\- are 
immeasurahle and immortal.'* .said .\c’adcmi< ian 1). l^-lyaiikiri. “ I'ln* scope 
of his sc.ii'iilific' intc'rc^sts combined w'ith his untiring eon(.:c'rn for the vv<‘ll-heing 
and glory of oiir country cpiite rc-mind us of our immortal Lomonosov' and 
Mendc'leyev. It is no acc:iclc-nl that hc' held thc'se namc-s so sac;rc*d." 

AcacU'iiiic ian I). Shcherbakitv 



INTRODUCTION 


Scv'cral years ago 1 wrote my Alineralogy for Everyone. Since then I 
have received liundreds of letters irom school children, workers and 
various specialists. 'The letters show' so much genuine and lively interrc'st 
in stones, their study and the history of their use. Some of the children’s 
letters displayed a good deal of' youthful fervour, vim and vigour.. . . 
'I’he letters have fascinated me and I have decided to write another 
l>ook for our rising generation. 

CM' late I hav’e been working in a diirerent, a much harder and 
much more abstract field; my thoughts have lured me away into a 
reniiirkable world, a world of infinitely small, negligible particles of 
which all ol' nature and man himself are made. 

In the last twenty years I have chanced to take part in developing 
a whole new science, w'hich we call geochemistry. It w^as not in com¬ 
fortable study-rooms with pen and paper in hand that we developed 
this science; it came into being as a result of numerous accurate observa¬ 
tions, experiments and measurements; it was born in the struggle for 
a new understanding of life and nature, and beautiful, indeed, w*ere 
the moments when the separate new chapters of this science of the 
future were brought to z\n end. 

But what will 1 tell you about geochemistry that may entertain 
you? What kind of a science is it? And why is it not simply chemistry, 
but geochemistry? And then why is it not a chemist, but a geologist, 
a mineralogist and a crystallographer wdio writes about it? 

The reader will not get the answ'cr tt> his questions in the first chapter ; 
he will learn a good deal in it, but briefly. Only he who reads the book 



to iltc I'lul will i»<*l a ii'al insiolil into i^c*o<'hrinistry and will actually 
riijoy it. 

riic leader will tluMi say; '^‘So tlial is )L;'eocliemistr\' 1 VVlial an in- 
tert'siini; and diificuU scii'iic t‘ it is! 1 low little clieniistry, i»eoU)jL»y and 
<*v<‘n inirii‘raIoi>y 1 know as y<*t to rt'al t*rasj) of it !” 

Hut it is worth your whih* learnini^ ni<jre idiout it hecaust' the future 
of m-oclieniislry is much mort* important than some pt'ople helieve, 
for it. is pr<*f ist'Iy t>t‘ochemistry that will, t(»,n<*th<‘r with pliysics and 
chemistry, ])lare tht' L^reat resource's of matl<*i' and t'n('r”\’ under the 
c'ommand r»l' man. 

Hefdrc' hrini>in^’ this introduction to an caid 1 should like t.o iid\ise 
the reader how to rc'ad tliis hook. It is not ('nouL;h to t*'!i what t(j rc*ad ; 
it is often evc'ii rnoie* important to te ll how to read and study a hook 
in cjrd(‘r to i^jet the most out of it. Some liooks iwc rc'ad a\'idl\' hec'ausc' 
the interestin!:> story fascinat<'s tin* rc'adc'i and he caniKH t<‘ar fiimself' 
away from it. That is the' way, lor c'xamph*. acKc'iiture storic's are 
read. C.)t}i(‘r hooks must lx* studic'd hceause tiu'y c*ilhc*r contain a \\hol<* 
science or liexit separate* scie'iitific prohlc'tns; in iltcsf* hooks scie'ntific 
eJata are* ronsistc*ntly ])resc*nted, natural phenonu'na are* de‘scrih(*cl and 
sc:ie*ntific' inlere*nre*s are* drawn. Wlieni readim* such hooks one* must 
delve* into e*vt'ry woicl without skipj)inL» a single: page* or c*ve*n line* 
or word. 

But our hook is n<*ither a lascinating nove*l nor a s('ie*ntific: trc'atise*. 
It is huilt aec'ording to a spe*c'ial j)lan. One* arte*r anothe*r its teiur i)arts 
pass from ge*neral prohlems of' physics and chemistry to [>rohle*ms 

geochemistry and its future*. 'The* reader who is iu»t we ll ve'rsf*d 
in the* fhndame'iitals t)l' the*se* scit'iures must re*ad this hook slowly and 
carefulh' and. ])erhaps, eve*n rere*ad the dif'ficnilt j)age*s or those* tfiat 
are of syie^cial interest to him. Ihit it the* re*ader knows [ihysies and 
chemistry he ina\' skip separate* y>arts of the hook whicfi de*al witli 
problems familiar to him; the* author has ende*av’onred to make* each 
c*ssay eeimplete and as far as pe»ssihle incle[)end(*nl of the oilier yiarts. 
'^J’he* h(x>k is alsej of \’ahie* lc> those* who wisli to ge't a deepe'r insight 
into ('fie*mistry or ge*ole>gy. 

Students will find it very' use-ful to re*ad .separate chapiters wdiile 
.studying a general course ejf chemistry In'causc e*ae:li of the*se chapters 
may in large mt'asiire illustrate some* partieiilarly dry pages in the 
textbook of' che'niistrx*. 



VVhilr sluclyin^ thr iioTi-nu*(ais th<' reader may <'f)neurrerilly peruse 
th<‘ eliapler on phosphorus and sulpliur; in inv(‘sliL»alin|L< the ferrous 
metals the student would ch) well to familiarize himself witli the ehapter 
on iron and vanadium. 

In studyini^ t»eolot»y the student should similarly makt* use ol' eor- 
responding ehaj)t(‘rs which throw light on the l)ig eliemical j)rol>lems 
of the distribution of I’U rnents in the earth’s crust. Ol partic ular interest 
in this respect are the* eliaj:)t<‘rs dc‘\-ol«'d to the* devseription ol llie cvirth's 
crust, espttcaally Part Three cauitic'd "‘llistcny oi'tlie Atom in Nature.” 

Those* who study c*h<*mistry will s(*<* that 1 have* dealt with but Jew 
cheanical elenu'nts; 1 ha\e givcui a more* or Ic'ss detailed d<*seription 
(»f only fifteeji oi tliem. lint thc-n it has n(r\<*r becai my intention to 
gi\ c* a lull chemical d('sc‘riy)lion and history of all tlu' c hc'inical f:lt*nu*nt.s 
in the uni\'erse, in tlie earth’s crrcist, on the surface' of the* eaith and in 
the hands of man. 

I wantc'd to ehuidate only individual and most essential leatures 
in tlie “behaviour” of the most ordinary and uselul e*le*ments which 
live* their ('oin[)lic ate*d ch<*mical life* around us and amid the unnolice^ablr 
and continuous chemie al processes of the' (*arth. I am sure many pages 
could be* writtc'ii about <‘ac'h chemical c!le*rne*nt. I he* rf*ade‘r hiitiself 
may wish t<» write the* history oi* some! e le'inenL about wiiich 1 have: 
not said anything. It seems te.) me this might prove* a uselul practical 
task, and if sonie*f»n(' tak<‘S an interest in a lump of jnetal chromium, 
its fate*, its de*posiis and its role* in industry, and ]3ursues tliis course 
he may wj ile* many interrc'siing page’s from the* liistory of this e‘leine*nt 
and slied light on the* belui\ iour oi this little* me-mber of the* big irein 
lamily. 

I can only advise the careful re'aders who have* studie*d tliis Ijoeik 
and wlw) are* inte*rested in problems of extensi\e* analysis ai' nature* 
te> v*enture such a task and to continue* tlie page's I have* \vriite*n about 
the most iin])ortant eJc'inents on the* earth. 





THE ATOM 





WHAT IS GEOCHEMISTRY? 


What is geochemistry? This is the first question we must answer 
if we are to understand all this book is going to deal with. 

We know what geology' is because it teaches us about the earth, 
its crust, its history' and the changes it undergoes; it tells us how moun¬ 
tains, rivers and seas are formed, how volcanoes and lava make their 
appearance and how sediments of silts and sands slowly grow on the 
ocean floor. 

We also understand mineralogy which studies minerals. 

In my book Mineralogy for Everyone I wrote: “A mineral is a natural 
compound of chemical elements which has formed without the inter¬ 
ference of man. It is a sort of edifice built of different quantities 
of certain bricks; it is not a disorderly pile of these bricks, but a structure 
made according to certain laws of nature. We understand very well 
that even by using the same bricks and in the same quantities we 
can put up different buildings. The same mineral may similarly be 
encountered in nature in most diverse forms though it essentially 
remains the same chemical compound. 

‘‘We count about one hundred varieties of these bricks of which 
all of the nature that surrounds us is built. 

“These chemical elements include gases—oxy'gen, nitrogen and hydro¬ 
gen; metals—sodium, magnesium, iron, mercury, gold or such substances 
as silicon, chlorine, bromine, etc. 

“Various combinations of elements in different amounts give us 
what we call minerals; for example, chlorine and sodium give us common 
salts, two parts of oxygen and. one part of silicon yield silica or quartz, 
etc. 
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“. . . Three thousand different 
minerals (quartz, salt, feldspar, 
etc.) have thus been built of 
combinations of various chemical 
elements in the earth and these 
minerals, accumulating together, 
form what we call rock (for 
example, granite, limestone, ba¬ 
salt, sand, etc.). 

“The science that studies 
minerals is called mineralogy, 
the one that describes rocks is 
known as petrography, while 
geochemistry investigates the very 
bricks we have been talking about 
and their wanderings in na¬ 
ture. ...” 

Geochemistry is still a young science and it has come to the fore 
mainly owing to the work of Soviet scientists. 

Its tasks consist in tracing and ascertaining the fate and behaviour 
of the chemical elements in the earth, the elements which constitute 
the basis of surrounding nature and w^hich, if arranged in a certain 
order, make up D. Mendeleyev’s remarkable periodic system. 

The fundamental unit of geochemical research is the chemical 
element and its atom. 

As a rule, each box in Mendeleyev’s table contains one chemical 
element—the atom—and has its ordinal or atomic number. The first 
number belongs to the lightest element—hydrogen, while the heaviest 
92nd element is called uranium and it is 238 times as heavy as hydrogen. 

The atoms arc ver>' small and, if we picture them as little balls, 
each atom will have a diameter of 0.0000001 mm. But the atoms 
in no way resemble solid little balls; they are a more complicated 
system consisting of an atomic nucleus with particles of electricity— 
electrons—moving around them, the number of electrons varying 
in different atoms. 

In structure, therefore, atoms rather resemble sub-microscopic 
solar systems with a central sun—the nucleus—and planets—the 
electrons—moving around it. 



Crystals of smoky quartz in feldspar 
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The number of electrons varies with the different kinds of atoms 
(chemical elements), owing to which they differ in their chemical 
properties. By exchanging their electrons the atoms combine and form 
molecules. 

Mendeleyev’s table shows a number of natural families of elements 
which arc encountered together not only in the table, but also in nature. 

The importance of Mendeleyev’s system consists precisely in the 
fact that it is not a theoretical scheme, but an expression of the natural 
relationships between the separate elements which determine their 
similarities, their differences, their shifts and the paths of thm"^ migrations 
in the earth. In a word, Mendeleyev’s Periodic Table is also a geochemical 
table which, as a reliable compass, helps the geochemist in his pros¬ 
pecting. 



Crista]line structures of the chemical elements as arranged in the Mendeleyev 
table. The arrangement of the balls shows how the atoms arc distributed in a 
simple solid body. In the foreground (left) we see a diagram of distribution of 
silicon and oxygen atoms in quartz. (Exposition at the Museum of the Leningrad 
Mining Institute) 











New ideas are born wherever the mindful scientist applies Men¬ 
deleyev’s Law to the analysis of natural phenomena. 

But what is geochemistry anyway? What is this new science that 
has lately attracted so many young investigators? 

As the term itself shows geochemistry studies the chemical processes 
which occur in the earth. 

Chemical elements as independent units of nature shift, wander 
and combine, or, as we say, they migrate in the earth’s crust; the 
laws governing the combinations of elements and minerals at different 
pressures and temperatures in various portions of the earth’s 
crust are just the problems on which modern geochemistry is 
working. 

Some chemical elements (for example, scandium and hafnium) 
are incapable of forming accumulations and sometimes are so dispersed 
that the rock contains only o.oooooooi per cent of these chemical 
elements. 

We might call these elements super-dispersed and we extract them 
only when they are of some special value to practice. 

We now believe that all elements of Mendeleyev’s Periodic Table 
can be found in every cubic metre of rock if only our methods of analysis 
detect them with sufficient accuracy. We must not forget that in the 
history of science new methods are of even greater importance than 
new theories. 

Contrariwise, other elements (for example, lead and iron) in their 
continuous migration make a number of stops, as it were, form com¬ 
pounds in which they easily accumulate and persist for a long time. 
Despite the complex changes in the earth’s crust throughout geological 
history these elements retain the forms of their accumulation, 
form large concentrations and prove accessible to industrial exploita¬ 
tion. 

Geochemistry studies the laws of distribution and migration of the 
elements not only in the earth and in the universe as a whole, but 
also under certain geological conditions and in certain regions of the 
country as, for example, in the Caucasus and in the Urals, and 
indicates where minerals should be prospected for. 

Thus, the profound theoretical principles of modern geochemistry 
come ever closer to practical problems, and on the basis of a number 
of general principles geochemistry strives to show where a certain 




“Levy Talgar” Canyon in the Trans-Ili Ala-Tau. Kazakh S.S.R. 


chemical element may be found, where and under w'hat conditions 
wc may expect to encounter accumulations, for example, of 
vanadium or tungsten, what metals would “more willingly’* be 
found together as, for instance, barium and potassium, and what 
elements will “avoid” each other as, for example, tellurium and 
tantalum. 

Geochemistry studies the behaviour of every' element, but to judge 
this behaviour it must have good knowledge of the properties of the 
element, of its peculiarities, of its inclination to combine with other 
elements or, on the contrary, to separate from them. 

The geochemist, thus, becomes an explorer and prospector, he 
suggests the parts of the earth’s crust where iron or manganese ores 
can be found, tells us where we can discover deposits of platinum 
amid serpentines and explains why; he advises the geologist to look 
for arsenic and antimony in young geological rocks and mountain 
ranges, and predicts failure if they search for these metals where the 
conditions for their concentration arc lacking. 
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But all this is possible when 
the “behaviour” of the chemical 
clement has been thoroughly 
studied, just as by studying the 
behaviour of a person in life it 
is possible not only to explain 
his actions but also to predict 
what he will do under different 
ci r cums tan ces. 

This is where the tremendous 
practical importance of this new 
science comes in! 

Ococheniistry, as w'e see, 
marches shoulder to shoulder 
with geology and chemistry. 

« 4e 4t 

I do not want to overburden 
you with a mass of facts, 
examples and calculations, nor 
am I undertaking to teach you 
all there is to know about 
geochemistry. No, I only want 
you to take an interest in this 
new science, which was born 
but very recently, so that you may convince yourselves from reading 
the separate essays on the wanderings of elements throughout 
the world that geochemistry is still a young science and that the 
future holds wide prospects for it, but that it must also win this 
future. 

Like everywhere in life, progress and truth do not immediately 
win in the world of scientific idea.s: they have to be fought for; they 
require a mobilization of all forces, great purposefulness and energy, 
a conviction of worthiness and .a faith in victory. 

It is noL the abstract, barren and inactive idea that wins, but the 
fighting idea, the idea w’hich burns with the flame of new quests, the 
idea deeply rooted in life and its problems. 

A vast field for research lies before the chemists of the earth in the 
Soviet Union. 



Youn^ geochemist examining; an outcrop in 
the Kara-Shor Depression. Turkmen S.S.R. 


We still need an enormous number of facts and we need them, 
as the great Russian scientist Ivan Pavlov said, like a bird needs air 
to support its wings. 

The bird and the plane, however, are kept in the air not only by 
the air itself, but primarily by their own onward movement. 

It is the same onward movement that supports any science; the science 
surv’ives only through persistent creative work and the fires of its daring 
quests simultaneously combined with a cool and sober analysis of its 
achievements. 

Industry is still far from using all the elements, and we must continue 
to work hard and persistently before we place all the elements in Men- 
delevcv’s Periodic Table at the service of mankind. 




WORLD OF THE INVISIBLE. 

THE ATOM AND THE CHEMICAL ELEMENT 




Let me have your hand, reader, and I shall take you into the world 
of very small things which we do not usually notice. Here is a laboratory 
of magnification and diminution. Let us go in. We are expected there. 
This ordinary-looking man in work clothes is not yet old, but he is 
a famous inventor. Let us hear what he has to say. 

“Let us go into the cabin; it is made of material transparent to 
rays of any wave-length, including the shortest cosmic rays. I shall 
turn the lever to the right and we will begin to grow smaller. This 
process of growing smaller is not very pleasant; according to the stop¬ 
watch we grow 1,000 times as small every four minutes. We shall 
scop in four minutes, leave the cabin and see the surrounding world 
as it is seen through the best microscopes. Then we shall return to 
our cabin and tr^^ to grow another i,ooo times as small.” 

Well, we have turned the lever.. . . 

We have grown smaller, we have become as small as ants. . . . We 
hear things differently now, because our car no longer reacts to the 
air weaves. . . . Only noises, buzzing, crackling and rustling reach our 
senses. But we have retained our sight because in nature there 
are X-rays with a wave-length i,ooo times as short as that of light. 
The appearance of things has changed most unexpectedly; most bodies 
have become very transparent and even the metals are brightly coloured 
and look like stained glass., . . But then glass, resin and amber have 
grown dark and now look like metals. 

We see plant cells filled with a pulsating juice and grains of starch, 
and if we want to we can put our hand into the stoma of a leaf; blood 
corpuscles as large as a farthing float in a drop of blood and tubercular 
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bacilli look like bent nails without a head.. . . The bacteria of cholera 
resemble small beans with fast beating tails. ... But we cannot see 
molecules, and only an incessant shaking of the walls and a light pricking 
of the face by the air, as though a wind were blow'ing dust into the face, 
remind us that we are approaching the limit of divisibility of matter.. .. 

We return to the cabin and move the lever one more point. Every¬ 
thing has turned dark around us, and our cabin has begun to shake 
as in an earthquake. 

As we regain our senses, the cabin is still shaking and we feel as if 
a hail storm were raging around us; we arc continuously showwed 
by something like peas and we get the impression we arc fired upon 
by a thousand machine-guns. . . . 

Our guide suddenly speaks up: 

“We cannot leave the cabin. We are one 
million times as small as we were; we now 
measure thousandths of a millimetre, only 
one and a half microns in fact. 

“Our hair is now o.oooooooi centimetre 
thick; this magnitude is called ‘angstrom* 
and serves to measure molecules and atoms. 

The molecules of the gases of the air have a 
diameter of about one angstrom. These mol¬ 
ecules are now travelling at a tremendous 
speed and are bombarding our cabin. 

“When we left the cabin the first time we 
felt as if a wind were blowing dust into our 
faces; this was the action of individual mol¬ 
ecules. Now that we have become smaller 
their movements arc as dangerous to us as 
a shot of sand is to man. 

“Look out of the window and you will sec 
a dust particle one micron in diameter, that 
is nearly as small as we are ourselves. See 
how it is buffeted about by the unequal 
blows it receives from the whirl of mole¬ 
cules! I regret we cannot see them because 
they move too fast. . . . But it is time we were 
going back: the ultra-short waves in the 



Electronic microscope magni¬ 
fying up to 500,000 times. 
The object is illumined by a 
stream of electrons; electro¬ 
magnets serve as lenses 
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rays of which w^e are examining the molecules are harmful to our 
eyes.” 

At these words our guide turns the lever back... . 

Of course, our trip was only imaginary, but the picture we have 
painted is very close to reality. 

Experience shows that whatever we do to perfect the methods of 
analysis, as a result of analyzing complex bodies we come to a number 
of simple substances w’hich cannot be chemically divided into still 
simpler constituents. 

All these simple bodies, which cannot be divided any more and oi 
which all the bodies of surrounding nature are made, we call chemical 
elements. 

In continuous contact with the various bodies of nature, liv^ing 
and dead, solid, liquid and gaseous, man has arrived at one of his 
most important generalizations: the idea of substance, of matter. 
What are the properties of this matter and what is its structure? These 
are the questions that anyone who studies nature must ask himself. 

The first answer we get by direct sensation is the apparent continuity 
of substance. But this impression is only an illusion. By using a micro¬ 
scope we often discover a porosity in substance, i.e., the existence of 
small spaces invisible to the naked eye. 

But even in such substances as water, alcohol and other liquids, 
as well as gases, in which it would seem there should be no pores as 
a matter of principle, we must recognize the existence of intervals 
between the particles of matter or else we could never understand 
why substances can condense under pressure and expand by healing. 

All matter is granular. The smallest granules of substance are called 
atoms or molecules. We have managed to calculate, for example, that 
in liquid water the molecules occupy only about one-third or one- 
fourth of the space. The rest is taken up by pores. 

Today we know that when atoms approach each other certain forces 
of repulsion arise and the atoms cannot merge. Around each atom 
we can describe a “.sphere of impermeability” beyond which no other 
matter can penetrate under usual conditions. We may, therefore, 
regard the atoms together with these spheres as elastic globules im¬ 
permeable to each other. Each element has a sphere of impermeability 
the radius of which is expressed in angstroms. For example, in carbon 
it is 0.19 angstrom, in silicon—0.39, i.e., small; in iron it is 0.83 and 
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in calcium—i.o6, i.r., medium; in oxygen it is 1.40, i.e., large (sec 
diagram on page 57 where the elements arc presented in the form 
of circles proportional to the size of the radii of their spheres). 

But ifwc pack balls into a container '^I'or example, a box) the disorderly 
placed balls will occupy a greater volume than when packed in an 
orderly manner. The packing which occupies the smallest volume 
is called the densest packing. It can be obtained, for example, in the 



Model of the structure of 
rock salt-NaCl 



Model of the structure of 
pyritc-FcS2 


following experiment: take several dozen steel balls (from a ball¬ 
bearing), place them on a .saucer and tap the saucer lightly. Since 
the balls w^ill try to get to the centre of the saucer they will crowd 
each other and will soon arrange themselves in rows with 60° angles 
in between. On the outside they will arrange themselves along the 
sides of a rectilinear hexagon. This will be the densest packing of 
balls of one size on a plane. 

Such is the arrangement of the atoms of many metals—copper, 
gold, etc. 

If the balls are unequal (for instance, of two sharply differing sizes) 
it often happens that the larger balls (for example, chlorine in the 
crystals of common salt) yield the densest packing, while the smaller 
atoms arrange themselves in the spaces between the large balls. 

Thus, in common salt (or halite)—NaCl—one atom of sodium is 
surrounded on six sides by atoms of chlorine, while each atom of chlorine 
is surrounded on six sides by atoms of sodium. Under these conditions 
the forces of attraction between the ions of sodium and chlorine are 
the greatest. 
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Now then, the bodies that surround us, regardless of their com¬ 
plexity or simplicity, consist of a combination of minutest particles, 
or atoms, invisible to the naked eye, just like a beautiful large building 
is made of separate small bricks. 

This thought was born in hoary antiquity, and we encounter the 
idea of “atom” (indivisible, in Greek) in the Greek materialist philos¬ 
ophy of Leucippus and Democritus who lived 600-400 B. C. According 
to modern concepts, the basis for which was laid as early as the 19th 
century, a chemical element in a free state and in the form of a simple 
body consists of an aggregate of homogeneous atoms which are no 
longer divisible at least without losing the individual properties inherent 
in the given substance. 

The atoms of the same chemical element are uniform in structure 
and have a characteristic mass or an atomic weight. 

In the beginning of our century scientists knew there should be 
92 different elements on earth and, hence, 92 types of different atoms. 
Of these 92 chemical elements w^e have thus far been able to find and 



The structure of hydrogen, helium and beryllium atoms. The cir¬ 
cumferences show the orbits of the electrons; the nuclei of the 
atoms are in the centre 


isolate from natural objects 90 chemical elements and, correspond¬ 
ingly, 90 types of atoms, but we do not doubt that the unfound elements 
also exist. All the bodies of nature known to us are built of combina¬ 
tions of these 92 types of atoms. 

Uranium, the heaviest of all elements known to us until recently, 
has number 92. 
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Recent studies in disintegration of uranium elements have revealed 
still heavier transuranium elements: neptunium 93, plutonium 94, 
americium 95, curium 96, bcrkclium 97, californium 98, einsteinium 99, 
fermium 100 and mcndelc- 
vium 101. The existence of even 
heavier atoms is not surprising, 
but all these atoms are very 
unstable and do not occur in 
nature, but are produced arti¬ 
ficially; we shall not be making 
any particular mistake if in study¬ 
ing the composition of the natural 
bodies of the earth we proceed 
from the conjecture that all 
of them are made up of 92 ele¬ 
ments. 

Atoms of the same element, like those of different elements, by 
combining with each other in twos or more, may form molecules 
of various substances. By combining with each other the atoms and 
molecules build all of the existing natural bodies. The number of 
atoms and molecules must be very large. For example, if we take 18 
grams of water, a so-called gram-molecule, it w^ill contain 6.06x10*® 
molecules of water. 

This is a colossal number; it is many thousand times the number 
of grains of wheat and rye that have grown on the earth since the 
existence of vegetation. 

In order to get an idea about the size of a molecule let us compare 
it with the minutest of living organisms, a bacterium, which can be 
seen only through a microscope when magnified about a thousand 
times. The size of the smallest bacteria is 0.0002 millimetre. And even 
this is a thousand times the size of a water molecule, which means 
that even the smallest bacterium contains more than two thousand 
million atoms, i. c., more than there arc people on earth. 

A chain of the water molecules contained in three drops of water 
would stretch from the earth to the sun and back nearly six times 
because it is 9,400,000,000 kilometres long. 

The atom was originally conceived as a minutest indivisible par¬ 
ticle, but on closer investigation, as our methods of research were 



Structure of sodium and krypton atoms 
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improved and rendered more accurate, it turned out to be a 
very complex structure. The nature of the atom was vividly revealed 
for the first time when people learned of the phenomena of radio¬ 
activity and began to study them. 

Each atom contains a nucleus with a diameter about o.ooooi that 
of the atom. The nucleus practically contains its entire mass. It carries 
a positive electric charge which increases as wc proceed from the 
lighter chemical elements to the heavier ones. Around this positively 
charged nucleus revolve electrons whose number equals the number 
of positive charges in the nucleus so that the atom as a whole is electri¬ 
cally neutral. 

The nuclei of the atoms of all chemical elements consist of two 
simplest particles—a proton or hydrogen atom nucleus and a neutron, 
i. c., a particle with a mass which almost exactly equals the 
mass of the proton but is devoid of any electric charge. The pro¬ 
tons and neutrons in the nuclei of the atoms are so firmly bound up 
with each other that the nuclei of the atoms remain absolutely invariable 
and stable in all chemical reactions and under ail physical forces. 

Especially stable is the combination of the two protons and two 
neutrons which form the nucleus of helium atom. The nucleus of 
helium is so stable that in the atoms of the heavy elements it is, 
apparently, contained in its ready-made form and flies out as an alpha 
particle during the radioactive disintegration of the nuclei. 

The chemical properties of elements depend on the structure and 
properties of the external shell of the atoms and on the ability of the 
atoms to lose or gain electrons. The structure of the nucleus of 
the atom hardly affects the chemical properties of the latter. Atoms 
which have the same number of external electrons, even if the structure 
of their nuclei and their mass or atomic weight differ, therefore, have 
the same chemical properties and form kindred groups of atoms as, 
for example, chlorine, bromine, iodine and the like. 

The diagrams show various models of atomic structure in which 
the reader can see how complicated the electron orbits become as 
the atoms increase in weight. 



THE ATOMS AROUND US 


Look at the three pictures we arc printing in this chapter. 

A wonderful view of a mountain lake with a blue mirror-like surface 
surrounded by limestone cliffs, dark-green spots of solitary trees, and 
above all this the bright southern sun. 

A noisy iron and steel works enveloped in smoke and steam and 
belching fire; trainloads of ore, coal, flux and brick running to the 
mill and returning with hundreds of tons of rails, blanks, ingots and 
rolled metal to the new centres of industry. 

ZIL-iio; a smart car; the dark-green varnish shines on its fenders 
and you can almost hear the purring of its motor and the soft melody 
issuing from its radio-receiver. This car was assembled from thousands 
of parts on the long conveyer of the plant and will now easily run 
hundreds of thousands of kilometres. 

Look at these three pictures and tell me frankly what you are think¬ 
ing about as you look at them, what you have taken a fancy for and 
what question you would like to ask. 

I am divining your thoughts and your questions because you are 
living in an age of engineering and industry and your interests arc 
bound up with the machines that create power and the power that 
creates machines. 

But 1 should like to tell you about something else so that you may 
sec these pictures through different eyes. Now you listen. 

4c 

I know what the geologist will say to me. “Just think of the remarkable 
scientific geological problems this lake contains! How was this enormous. 
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Mountain lake in Tajikistan 


deep gap formed? What forces have locked these blue waters amid 
the steep spurs of the Tajik mountains? There are between two and 
three thousand metres from the top of the mountains to the bottom 
of the lake; what mighty power could have raised and crumpled the 
layers of rock?” 

The mineralogist will say: “What wonderful limestone is formed 
by these cliffs and mountains! It must have taken scores and hundreds 
of millenniums for this powerful sediment of silt, shells and testae to 
accumulate on the ocean floor and be compressed into dense limestone, 
almost into marble! Take an ordinary mineralogical magnifying 
glass which magnifies ten times and you will hardly discern the indi¬ 
vidual shiny crystals of lime spar of which the rock is made.” 

“How white and pure this limestone is!” the chemical technologist 
will interrupt him. “This is excellent raw material for the cement 
industry and for roasting into lime; it is almost pure calcium car¬ 
bonate, a combination of atoms of calcium, oxygen and carbon dioxide. 
Look, I shall dissolve it in a weak acid; the calcium will dissolve and 
the carbon dioxide will come off with a hiss.” 
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“But wc ct)uld perform even more exact experiments,” the geo¬ 
chemist will say. “We can prove with the aid of a spectroscope that this 
limestone contains other atoms as well; it has strontium, barium, 
aluminium and silicon. And if we make a super-precision analysis 
and try to find the rarest atoms of which there is less than one-millionth 
of oiu* per cent here we shall Ix' able to discover even zinc and lead 
in this limestone. 

“And don’t think this is a specific feature of our limestone because 
experienr(‘d chemists will find 35 different types of atoms even in the 
world's purest marble. 

“Now we an* even inclined to believe that we should be able to 
find all tlu' (‘lements of the Mendeleyev Periodic Table in every cubic 
metre of stone granite or basalt, limestone or clay -only the amount 
(»f .some of these will be one-trillionth , (hat of calcium or carbon." 

'fhe words of the geologist, mineralogist, chemist and geochemist 
will imj^ress you so much that instead of .simple greyish limestone 
you will SIT mountains of some mysterious .stone and you will want 
to g<‘t a deej)er insight into its nature and discover the secret of its 
origin and b(‘ing. 

♦ ♦ ♦ 

Now let us turn to the works. What .strange buildings, unusual 
in siz(‘ and shape! (!iant towers filled with ore, coal and limestone; 
enormous |)ipes h'ad to tlu\se towers and feed them compre.ssed hot 
air. What for.^ Why is metal smelted in them, why is coal burned 
and why do clouds of heated gases flare up as they leave these 
lowers? 

\'ou will j)robably be sur|)rised if I tell you that this is a laboratory 
of atoms; in the ore the atoms of iron are very firmly lied to eac h 
other by largcT balls oxygen atoms - which do iu)l let the iron atoms 
get closer to each other and give us the heavy malleable metal we 
call iron. . . . Iron ore possesses none f>f the j)n)perties of this metal 
though it contains 70 per cent i»f it. We must, therefore, drive the 
oxygen out. But (his is not .so easy to do. 

Do you rem<*nib<‘r, dear reader, (he Rii.ssian fairy-tale about the 
little girl Alyonushka wluv had to ])ick out all the grains of sand out 
of a ])ile of corn? Do you remember that .she called on Ikt little friends, 
the ants, and that (hey succeeded with (his task? But then those were 



grains oi sand with a diauRrtrr a million limes dial ol the oxygen atom! 
1 know yon will say: “I'liis is a hard job and I searcely believe it ran 
be d<»ne.” 'I’o be sure, it look a lot of work and human <*nergy to solve 
this brain-leaser. 

Hut it was solved Just the saint*! 

In this ease the human genius did not rail upon ants, but on atr>ms 
of tillier sulislanees. And in ailianee with the natural elements (ire 
and wind it made these atoms take the oxygen away from the iron 
and bring it witli the hot air to the suiTace of the metal boiling in 
the furnace. 

lint whti are these atomic friends that have vantjuished oxygen? 
There are two of thcMii silicon and carbmi. both of them sei/.e oxyg<*n, 
hold it much faster than iron and build very strong structures with 
it. And they hc‘lp one another. While burning, carbon tak(!S the oxyg<*n 
away from the iron and dc*vel<»ps a tremendous t<*inp(‘rature; it could 
not do the whole job by itst*lf, howev'CT, because the hard iron ore 
is refractory and not very' mobile, and the atoms of carbon cannot 
penetrate into the dense lumps of ore. 

"I'his is when silicon C'ornes to the aid: small and tenacious it yields 
fusible slags, di.ssolvc*s the ore*, takes ixwny the oxygt*n and hands it 
over to the carbon. Part of the carbon dissolves in the* iron and rnakc's 
it mobile and fusible. 

At this time the clem<*nts step in: the lire* in< rc'ases the mobility' 
of the in»n, all that is light ris<‘s to the* surface t«)g<‘ther with the gases, 
all that is heavy setth*s to the bottom, and behold the miracle: the 
atoms have* separated tlu* iron with the* dissolv(*d carbon takes its 
j>lace at the bottom of the* furnace, while the light slags which Iiave 
carried off all of the ore’s (»xyg<*n float (»n the surface of the melu*d 
inc'tal and can b<* easily thrown out. 

Imagine the knowledge that had to be accumulated, the insight 
into the* haliits and whims of each atom that had to be accjuir<*d for 
man to be able unmistakably to sort the* atoms at will on so grand 
a scale:! 

* He * 

lari us ihjW' take a look at the- third picture the: Soviet automckbile 
/Ib-iio. It is also a combination of atmns j>ick<‘cl for a single* |>urpose, 
i.e., to jiroducc* an untiring, pow'f*rlul, noisf*less and fast car. 
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'I'housatids of parts made of (>3 kinds of atoms and at least i<k) grades 
of metal—that’s what ZIL-iio is! It has a lot of iron, but iron whose 
properties have l)een changed 100 difTerent ways; here is pig iron, 
an iron alloy containing 4 jmt cent carbon; this is the iron from which 
the biKly of llic motor was cast, but here is an iron in which less carbon 
was left, and the result is a hard and elastic steel. Now some atoms 
oi‘ manganese, nickel, cobalt and molybdemnn, which resemble iron, 
were addetl to it and the steel has become elastic, durable and shock- 
pro* )f. 'rin'ii soim: vanadium w^as added and the steel has become 
as pliable as a whijj; tireh‘ss springs are made of this steel. 

It is no longt'r copper, but aluminium that now holds second place 
in the car; the pistons and knobs, the graceful bodies, the [dating 
and bands- all that can be made light is made of aluminium or its 
alloys with copp*‘r, sili<*on, zinc and inagiu'sium. 

And how alxiut lh<* b< st |>orcelain used in the manufacture of aut*)- 
mobih' sparkplugs? And what al>out the varnish that fears no rain 
<ir c<ild, lh<‘ woollciys, the cojiper in the wiring, the lead and sulphur 
in the batteries? iaiough, or we shall not lind a single element that 
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doc-s not Iravc-I willi du* car. with each cjlht^r they IV^rin 

more lltaii 2f,o clifTt'reiit siihstaric'c^s and iiialerialK whicii ar<* dirtrctly 
or iiidirec'tlx’ used in the autoiiif>i>ilcr industry. 

It should be emphasized that here man disregards the natural pr(»c- 
es.ses, breaks them and subordinates them to his ow^n w'ill. Is it at 



Weight content of elements in the earth's crust (down to a depth of i6 km.) 

all natural for aluminium to l>e free? No, a thousand times no; and 
if it were not for the genius of man this would never happen even if 
the earth existed many more millions of years. 

Having understood and learned the properties of atoms man has 
taken advantage of his knowledge and shifts the elements as he sees 
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fit. l1io light t'lcnirnts arr ilu- most wich'sprracl in thr rartli; five of 

thrill -oxygen, siliron, ahiniininiii, iron and raleiuin .make up 

per cent of the earlir.s crust. If we a<Jd seven more - sodium, potassium, 
magnesium, hydrogen, titanium, carbon and chlorine'--these twelve 
elements will constitute <)<).2() pc'r <*ent. '^J’hc remaining 8o eleuK'iits 
hardly make up 0.7 per ce-nt by weight. But this distribution does 
not suit man who stubbornly searches for the rare' elenu'nts, extracts 
them IVoni the earth, at times with incredible difficulties, makes an 
all-n>iiiKl study of tlicir jiropertics and uses tlu'in wherever ru'cessary 
and expedient. That’s why we find nickel (of which the earth contains 
o,f>‘j ]>er <enl), colialt (which forms o.ooi per rent), molybdenum 
(less than 0.001 per c<‘nt) and evi'ii platinum (which constitutes 
0.000000012 per cent of the elemcaits) in tlic' automobile. 

The atoms are all around, and man is their masli*r. He tak<*s them 
with his masterful hand, mixes tlu-m, casts away the ones he has no 
use for and combines those he net'ds, though without him tlu'se ele¬ 
ments slioiild never meet. And while the mountain lake in "rajikistan 
glorifies the. powerful natural elements which have raised the cliffs 
and created the gaps, the mill and automobile are an industrial sym¬ 
phony about the might of the human genius, about human labour 
and knowledge. 



|{IKTII AND DKIIAVIOUR OF TIIK ATOM 
IN THE UNIVERSE 


I rrnicml)rr i\ lovrly jiikI in iIk; ClriiTira. Il srrmrd ail 

naluru lia<! il'OIh* to slrcj) and nr)t)iin,i>‘ disturbed tlir sinr>f)t}i surlace 
()[ lli(‘ placid sea. I a c ii llie stars did not tvvinkhr in th(‘ bhu k snulliern 
sky, but sIhjik' brii»btl\. Silernc reigned all aniund and il sermied the 
world bad cf'ased moving and stood still in the infinite, cairn of the 
soiiiliern night. 

But how lar tliis jneture is from reality and how d(Teptiv(t the peace 
and (|uict of surrounding natun;! 

Sullicir it to begin dialing a radio-receiver to find tliat tin* world 
is jiierced ]>y myriads of electromagnetic waves. Now s(‘vera! inetrf‘s, 
now thousands of kilometres long, the stormy waves of world ellier 
rise to the. height of* the ozone strata and pounce upon the earth 
again, l^iling uj) on top of each other they fill the wT)rld with 
oscillations impercf'jjtible to the unaided ear. 

And the stars wliich apj>ear so immovable in tlie finnarncnt rush 
through world space at the terrific speed of himdreds and thousands 
of kilometres per second. One sun-star heads in one direction of tin* 
galaxy carrying away streams of bodies invisible tf> the eyi*; f)thers 
whirl at an even faster rate and create enormous nebulae; still others 
spited into unknow'n regions of the universe. 

Vapours of incandescent substances rush through the stellar atmos¬ 
phere with a veh>city of thousands of kilometres per second, and it 
takes only several minutes for immense gaseous clouds measuring 
thousands of kilometres to appear and to form glittering prominences 
in the corona (if the sun. 

'flic melt is IxMling in the imm(!asurable dt'plhs of the distant 
stars. The temperature there runs as high as scores of millions 
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Evcninf! on the Crimean seashore near Alupka 


of degrees; individual particles break away from one another, the 
nuclei of the atoms burst, streams of electrons rush to the upper 
layers of the stellar atmospheres, while powerful electromagnetic 
storms travel thousands of millions of kilometres, reach our earth 
and disturb the calm of its atmosphere. 

The cosmos is filled with oscillations, and Lucretius Cams, one 
of the greatest scientists of the past, beautifully said almost one hundred 
years B. C.: 

. no rest, we may be sure, is allowed to the first-bodies moving 
through the deep void, but rather plied with unceasing, diverse motion, 
some when they have dashed together leap back at great space apart, 
others too are thrust but a short w'ay from the blow/* 

Our earth is also living its life. Its quiet and seemingly silent surface 
is really replete with vital activity. Millions of minutest bacteria populate 
each cubic centimetre of the soil. Extending the possibilities of research 
the microscope reveals new' worlds of even smaller living beings, the 
constantly moving viruses, and the question now is w'hether they 
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slioiiici lx* considered living heint^ or reinarkal>le molecules oi maiiimalr 
nature. 

Xlie molecules shift eternally in tlie thermal movements of the sea, 
and scienlific analysis shows that each c>scillation in sea-water trav*els 
a loni^ and complicated course at speeds measured in kilometres per 
minute. 

M’lie air and the earth eternally exchani^e atoms. Atoms of helium 
vajjorize from the depths of the earth’s crust into the air; the velocity 
of their movement is so high that they overcome grax’ity and lly away 
into interj)lanetary space. 

'Fhe mobile atoms of oxygen enter the organisms from the air; 
molecules of carbon dieixide are broken up by plants thus creating 
a continuous carbon cycle, while molten hcav^y rocks are still boiling 
in the interior of the earth and arc trying to break through to the 
surface. 

A clear and transparent crystal lies before us hard and motionless. 
It would seem that the individual atoms of the substance were distributed 
through strictly fixed units of some inv*ariably strong lattice. But 
this is only iipparcnt: the atoms are in constant motion, revolving 
around their points of equilibrium, continuously exchanging their 
electrons now free as in the atoms of a metal and now bound; and 
they mov'e along complexly recurring orbits. 

Kv*erything is aliv-e around us. The picture of the quiet ev’-ening 
in the Crimea is deceptive, and the more our science miislers nature 
the wider the real picture of all the movemcnt.s of the world substance 



Protuberances on the sun during the eclipse <»f May 28, 1900. White circle shf»ws 
size of the earth on the same scale; its diameter is 12,750 km. 
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that surrounds us opriis up before us. And when science learned to 
measure motion wliich Orem's in millionths of a secontl, when it began 
with its new Roentgen “hands” to measure millionths of a centimetre 
with an accuracy with which we cannot (‘ven use our yardstick, and 
wh<*n it learned to magnify the pictures of nature 2fKi,ooo and 300,000 
times and brought within man’s vision not only the minutest viruses, 
but cv(‘n individual nmlecules of substance, it daw'ned on us that 
there was no calm in the world, but only a chaos t»f cfinstant movements 
wliich seek their temporary ecphlibrium. 

Once upon a time, very long agf>, even before the heyday ()f ancient 
Cirrrc(\ there lived a remarkable philoso[>her whose name was Heracli¬ 
tus. With his perspicacious mind he was able to fjenetrate into the 
very depths of the universe, and he said the wr>rds which Herzen called 
th<* most brilliant words in human history. 

Heraclitus said: “Kverything is fluid,” and made the idea of eternal 
motion the basis of his world system. With this idea humanity has 
gone through all the stages of its history. It was on this idea that Lu- 
rn*tius C.’arus built his philosophy in the r(‘markable poem on the 
nature of things and the history <jf the world. The brilliant Russian 
scientist Nlikhail Lomonosov built his physics with rare perspicacity 
on tins idea, saying that each point in nature has three movx*mcnts: 
tran.slational, rfitatory and oscillatory. And now that the new achieve¬ 
ments of science have confirmed this old philosophic idea we must, 
take a new view^ of* the surrounding world and the laws of mat¬ 
ter. 

The laws of distribution of atoms will be for us the laws of the 
infinitely complex movements of different vehicitics, different direc¬ 
tions and different scales w'hich determine the muliihirmity of the 
surrounding world, the diversity of its restless atoms. Today we are 
beginning to get a new insight into space. 

The part of the universe accessible to our observation is colossal. 
It cannot be measured in kilometres, for this is too small a unit. Even 
the distance of 150 million kilometres between the sun and the earth, 
which light traverses in eight and one-third minutes, is also too small 
a unit, though light can travel seven and a half times around the 
earth in one second. Scientists have invented a new unit, the “light 
year,” i. e., the distance light traverses in one year. The best telescopes 
can make out stars from w'hich it takes light millions of years to reach 
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US. Thr cosmos is really infinite, but as far as we are coiKcnu d its 
limits are set by the resolviniif jiower of our teleseojies. 

Clusters of stellar matter in space form local condensations and 
give rise to what we call the visible world. 'I’here are a|>proximat< ly 
one liundred thousand million of these worlds. F.ach Jif thes(‘ worlds 
also contains about one hundred thousand million stars and «‘ach 
star is made up of t and 57 noughts (nr*’) of protons and neutrons, 
i.e,, the minutest jiarticles ol which the whole world is compos<d, 
not counting the even smaller particles of electricity, the negatively 
charged electrons. 

Hydrogen is the most abundant element in the universe*. We know 
a large nuinbtT ol'cosmic nebulae composed almost entirely of hydrogen. 
The atoms of hydrogen accumulate* attracted by gravitatie)n and 
impelled by specific interatomic forces, the study of whicli has only 
just begun. Powerl'ul clusters consisting of a number of atoms expressed 
by a figure of 56 digits arise and a new star makes its appearance. 
But the dimensions of the universe are infinitely great ce)mpared with 
the volume of the atoms which have come into being. We know that 
the greater part of the universe is actually a sort of void containing 
only from 10 to 100 particles, i.c., atoms of substance, per cubic metre, 
and this corresponds to a rarefaction which is 10 that of the normal 
atmospheric pressure on earth. Here rarefied spaces are found side 
by side with absolutely unprecedented condensations produced by 
pressure in the interiors of stars where thousands, of millions of atmos¬ 
pheres arc combined with scores or hundreds of millions of degrees 
of heat; this is the natural lalioratory where hydrogen gives rise to 
new and heavier atoms, primarily helium. 

In the stars shining with a dazzling white light as, for example, 
the famous satellite of Sirius, the substance is so dense that it is a 
thousand times as heavy as gold and platinum. We can even hardly 
imagine wdiat this substance is and w^hat properties it has. 

On the one hand, w'e have infinite interplanetary spaces traversed 
by the freely flying single atoms. Here world rest is in dialectical unity 
w'ith precipitate movement, and a temperature of almost ahsedute 
zero reigns. 

On the Ollier hand, we have the central regions of the stars w here 
millions of degrees of heat are combined w^ith pressures of millions 
of atmospheres and w'herc the atoms, having ov^ercomc the r<rpulsion 
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<>!' the rh-ctrons, are knitted into a single dense mass of siihslanccs 
never seen on <‘arlh. lhid<*r these conditions tin* ev'ointion of c'lieinical 
elements takes |>iaet‘, and the elements are tlie heavic^r and denser 
the -ri'ater the mass of tlu‘ star and the higher the pressure and tem¬ 
perature in its interior. 

The c'liemieal element wliicli comes into being is the first step in 
the struggle against cliaos. Heavier nuclei may be formed from free 
protons and electrons at enormous temperatures and pressures. 

\*ari<jus strucliii*<*s, whicli we call chemical elements, thus gradually 
arise in diflerent places. Some of them are heavier and have more energy, 



Nebula M-ioi in the conMcIlafi«>n of iht_* Bip JDipper 


others are light and consist of only a few protons and neutrons. 
These lighter elements are carried away in streams to the periphery 
of the stars, into their atmospheres or ct>mbine into immense world 
nebulae. Others, which arc less mobile, remain on the surface of incan¬ 
descent <.>r int)Iten bodies. 

Powerful radiations destnjy some structures and builct, others; 
some elements disintegrate while others arc created anew until the 
read\'-made atoms find themsclv<\s where there are no forces strong 
enough to destroy their stable nuclei. This is when the history of the 
wanderings of individual atoms through the universe begins. Some 
of them fill the interplanetary spaces as, for example, the atoms of 
calcium and sodium, which in their free flight traverse the entire 
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univt rsr. Others, which are luavi<*r and stabler, a<‘eiitnulat(' in various 
])arts ol’ the nebulae. 'I'emperaliires droj), ehcirieal ii<*l(ls of atoms 
combine with each other and moleeuU‘s oi'sim|>le chemical eompoimds 
are Ibriued; these inehuh* carbides, hydnuarbons, particles of acel\l<‘iie 
and some substauers unknown on earth whiclt the astrophysicists 
<ibserv<- on the incandt'Sicut surfaers otdistant stars as the (irst prod- 
net ol' atomic* ('ombinatioiis. 'riH*s<‘ simple* iree nuih'cules e;radual(y 
i»ivr risr to more and more* harmonious syst(‘ms. At low teinp<*ralun‘s, 
outside the <h*stru< tivc lields and cosmic dc*pths, the secotul step in 
the* weii'hl order the* e iystal is linally born. A crystal is a rc niarkablc* 
struc ture where* the* atoms are arian^ctl in a ce rtain orde*rly re'latiem 
t<» eac h other, like* biiildin^-biocks in a box. The* birth ol a crystal 
is the n<*xt static* in the- proce-ss <►! the c‘meri;<-ne e- ofmatte-r I'lejin chaos, 
ler- indivielual atoms combine* to Itii in a c ubic c e ntime tre- of crys¬ 
talline* substance. Ne w properties, the* propertie*s of crystals, make* 
their appe*arane*e-. Now it is nei lorii*e-r the* laws e>r the elc*e*tromai;ne*tie' 
clusters e»( which the*y arc* c*ompose*cl, not the* ye t unknown laws 
ol line Icar e*m*it‘y that i»e>\(*rn, but ne*w laws ol matte*r, the* Jaws of 
c he*misti*y. 

I shall not e’ontinue* the* eie*sc'ri|>tion ol* this |)ic'ture*. I only waut(*d 
to show that we have* v<*i y little* kfiovvle*cl,i*e ejl the* world that sm rounds 
us, that this world is im<ommoniy e eunple x and its calm is only apparent 
be*c'aiise* it is replete* uitli inotieen; niattc'i* as we* know it he*ie* on earth, 
as we* se-e* it in hard stone in surroundin|L; naliire*, come*s into the* world 
in a whirl of motion. Much eel' what I have* said has a1r(*ady be‘e*n 
de-nionstratcd by mode*rn scie'iice*, but a ^eeoel deal ol how' lirst the 
atom and the*n the* crystal e'oiiie* into be-in^' lieun world c hae>s is as 
y'c-t a mysle*ry to ns. 

And still, how beantilully this picture* was painie*d by laicretius 
(lams, the* Konian philosophe*r, twe> thon.sand years ai'c)! Let us ic*call 
a le-vv line-s I'roin his poc'in: 

‘'but e»nly a .seat e»r rre*sh-rornie*d storm, a ina.ss ^athe'iccl t(».i;c*lhe’r 
e»r lirst-be*i;innin^s eel every kind, whose disc'ord was waejiii* war and 
c'onleMindin^ inte*rspac e*s, paths, inte riacin^s, w'e-ii^hts, blows, me*e*tini;s, 
ancJ motions, be*c*ause* eivvint; to (he*ir unlike f'etrins and dive-rse* shape's, 
all thini;s vve*te* nnid>le* to remain in union, as thc-y de» now, and to 
jUjive* anel re*ce*ivc* harmonious motions, ^'|•oln this mass parts be^an 
to ily eeir hithe r and thithe-r, .ind like* ihiiii^s to unite wifh like, and 



so to imiold a world, and lo simdrr its lormluTs atid dis|>os(‘ its groat 
parts... . 

And s<» tluTo is no rrst in natnro; rvorylliing changes even if at 
(linerrnt rates. Stone, tin* synilM»l ol‘ durability, also changes because 
the atoms ol which it is composed are in eternal m<»tion. 'I’o us it 
ap|)ears (inn and motionless only because we do not see this motion 
the results ofwhicli become perceptible a long time alterwards, whereas 
we ourselv(‘s change much faster. 

It was long believed that only tin* atom was indivisibh*, invariable 
and indiih'nMit to (ternal change. But lo and behold! atoms, too, 
are heedful of time. Some of them, we call them radioactive, change 
fast; others change slowly. Moreover, we know now that atoms also 
evolve, that they are created in the heat of th<* stars, that they develop 
and di(‘. . . . 

And the human mind n^llects the sam<* eternal motion and develop- 
riH'nt: at first iiK'omprehension, chaos and lac k of order. 'Then the 
tyfM's <if c<Hm<*rti(>ns between all parts of the world begin to grow 
clear, the movements prov<* subject lo laws, and a harmonious picture 
of an indivisibU‘ univiTsi* |)resents itself lo man. Siu h is the world 
as modi'rn science* rev(*als it to us. 




now IVIKNOKKKYKV DISCOVKHKI) IIIS J.AW 


ill lh<* <>l<l l>nil<liiiL^ tli<- c lic'inic ;tl l;il »ry l***t»*rsl Min^ IJiii- 

viTsily yount; itlicMcfy woll-koown |>r<)fi*ss<»i-. 11 vv;is 

IVlf'iK Iflt-yrv. Mr h;icl just l>crfrri api x »ijilrcl l»ra<l o(' tli«‘ clr|)art iiu'iH 
ol' _i»f‘ru‘i'al < li«-mistry at tlir univc^rsity and was busy dravvini; n|> a 
sludy plan for lus studrnts. Mr was tliinkin|L> of bow hr most 

ronvriiirnlly s<*t forth tin* law's ol rhrniislry, drsrrib(‘ ihr iiistory ol* 
thr srjjaratr <'i<‘in<'Nts aii<l f>r<i<rr<I with thr <-oiirsr /»f study. M<* was 
woiidrrini^ how lir iiiiv^ht roimrc t his st<»rirs alKiiit potassium, sorlinm, 
lithium, irr>n, iiian,L;an<‘sr‘, nirk(*l, (^t<'. I h* airc^ady had a (rrlini* thr 
s«*paralr ('h<aiii<'al atfiins vvrrc* in sfinu* way rc‘lat<*«l t*» c‘a< h ollu r thouoji 
thrsr rrlations w<*rr n<it c irar ;is y< t. 

In ordrr to liiul tlu* Ix-sl pc»ssiblr arranjj;rnirnl hr took srpai'al«.‘ 
< ards aiul vviritr in bii^ h'tlrrs tin* n;uiu' of an f hanriit, its atomi< wri.i*ht 
and s«im<- <if its < hirf pi'opt'rti<*s c>n c-;ic*h ritrd. 'Thru In* bt\i;aii !<» arran.i^r 
thrsr < ards by .j^ri>upinj^ the' «‘h*iiif‘nts ;i< c ordiiiji; to ihrir pr«»p«‘rti<‘s 
alx>ul tin- way our ipandmothrrs us<-d to ai'ran.t;r their <ar<ls whcai 
pla^iiit; pati«*iK'r. 

Sud<l<-nly th<* proirssfir obsrrvc’tl ;i rrmarkabh* rrij^ulaiitN'. Mr had 
arranjL»rd his rhrmi<'ai <*lrmrnls oiir after anc»thrr in thr or<lrr *>f inrrras- 
iiii» ;itomir W'r-ii^hts ;md disrovrrrti that with but frw' <*x<<*ptions th<* 
proprrti«‘s ol tin* « lriiirnts rrrurrrd at ca-rtain int«*rvals. M<' thru bf*tj';in 
to lay out more cards below th<* first row ;md after plat in,s*-vrn <*le- 
ments started on th<‘ third row. 

In this rf*w In- had to put already sevent<-rn <'lemrnts in ordta' that 
the rlriiicails showing ;in^' simihtritic\s be ;irran,!^ed f>ne b<‘Iow ;inothrr, 
but som(‘li(»vv it rlid iif»t roiiu* f>iit <piit<* ri,L>ht and hi* had to h'av'c j^aps. 
S«‘vrnlren more <*ards ma«U* another row. It was j^rltin^ more C4»mpli- 
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ratrd; sc vrral atoms just would not fit thougli thr recurrence of 
properties was clearly observed. 

All the elements known to D. Mendeleyev were, thus, arranged in 
the hum of a table and witli but few exceptions tliey all followed each 
other in hori/ontal rows in the order of their increasing atomic weights, 
while the similar elements found tluunselves arranged in vertical 
eoiumns. 

Ill March i8(>p, 1). Mendeleyev sent the first Ijrief report on his 
law to the Physico-C.heniieal Society in Petersburg. 'Then, sensing the 
<‘iiormous imporlanre of his discovery, he began working persistently, 
c'orrec'ting his table and making it more exact. He soon found blanks 
in the table*. 

“New sul)stan< <-s will soon be found for these blank spaces following 
silicon, boron and ahiniiniimi/' he would say. liis predictions soon 
came true- and the n<-wly discovered e'lements name'd gallium, ger¬ 
manium and scandium were plactxl in the vacant se|uare*s eil' llu' table. 

C)ne' eif the gre‘at<‘st discewerie's in the* history of e he'inistry was, thus, 
made* by the* Russian ehemist 1). Me*ndele*yev. Hut don't think it is 
so simple*, my frie-nds; that all yeui have* to do is take* cards, write* names 
e»n lhe*m, arrange* thein in a eertain orde*r and the thing is deme*. 'This 
simplicity, this e hane e* dis<'<»ve*ry, as it w(‘re, is e)nly appare*nt. Only (>!2 
e*le*me*nls were* known at that time. ’I'he* ateunic w<*ights we’re det<'rmiii<*d 
inae*< urate‘ly, seime* of them wreuigly, and the* pre>pertie*s of the* atemis 
we*re* but little kneiwn. Man had to get an insight into the* nature* e>f 
e*ae h che*mical substance, grasp the* similaritie’s be*twc*e*ii some eil' the 
e'le*iiie*nts, elivlne* the* e euirse* e)f <*ae h e*li*me*nt's migrations, the* “ifieiid- 
ship'’ or “hostility'’ of the* e*l<*me*nts in the* e*arth its<*lf, 

I). Me*nele’le*\ <*v sue-ci*e*ded in knitting into a single* whole all that 
hael be*en known ol' the* che*mistry e>l’ the* <*arth be’I'ore* him. 

To be* sure*, the*re* we*re also e)the*r scie'ulists whei ne)tice*d a relatiem- 
sliip b<*lwe*en the* e*le*me*iits llieiugh the*lr ide*as about it we're* still vague* 
and iinpe‘rle*e*t. 

but most se ie*ntists of that lime* thenigln the* ifle*a e>r kinship be*lween 
(he* e'l4*inents absnrel. 'Thus, whe*ii the* faiglish e'he*misl Ne*wlands, 
one* e)l the* fighte-rs leir the* fre*e'de»!n of Italy in (laribaleli's army, sub- 
mitte’d te» the* pie*ss a pape*r eui the* re*c'urre*ne e' e»f the* pre»pertie*s of e e'rtain 
e*le*nie*iils with an iiie rease* in lhe*ir atomic we*iglils his pape*r was re*je*e'ted 
by the* ( !he*mie'al St>e ic*lv and e>ne‘ e»l‘ the* e he’inists lrie*d te> ridie iile* 



Ncwlands saying might ha\;j 

arranged all 
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each 
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elements, despite and 

persistence investigating HHHHHIHiHHHiHIHHH 

lacts. D. MonclcUyt-v provi-d oqtial ly sicndcicycx. Photograph made 
to the task. in i8t»9 

He was able to show the inter¬ 
relations of all the atoms in nature so clearly, distinctly and simply 
that nobody could disprove his system. The order had been found. 
'I'rue enough, the bi>ntls which linked these elements with each other 
were still a mystery, but the order was so obvious that it enabled 
]\Iendeleyev to speak of a new natural la^v the Periodic Law of 
chemical elements. 

Many years have elapsed since then. H. NIendeleyev worked on 
this law ibr nearly 40 years penetrating into the deepest mysteries 
of chemistry. 

In the Chamber of ^Veights and Pleasures, which he headed, he 
studied and measured the varimis pri>perties of metals, by most accu¬ 
rate methods, linding e\er more conlirmation of his discovery. 

He travelled through the L'rals studying its resources and 
devoted many years ti> the prol:>lem of oil and its origin; everywhere, 
in the lal>oratory and in nature, he found conlirmation of his Periodic 
I^aw. In the profoundest them'ies and in industry this law was being 
transformed into a guiding ct>mpass which directed the searches of scien¬ 
tists and men of practice like a compass guides the seafarers at sea. 
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^tXPFRIMINT IN THf SI-jffM Of fl.rMfNrS 
Based on Their Atoniic Weights and 
Cfieinical Sifniliir i fies 
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I). Mendeleyev 


'lilt- system clrrueiif.. The riri^'injil table raJuf.ed 

b\ [ J. Mi'iulflr.-yc:V in 


I). Irdryrrv ff/rrce.tf'fl arifl irnprfivffJ fiis lilt If* t;tl>lr f>r ifihff utilil 

t hf Vf-ry last, clays nl fns lilc*; fiuncfrcrcls c>f’<:hfrnists, f» dlowiriji; in his focitslc'ps, 
clisc <>vc*rc‘cl ric*w c:lc*ific*nis ;*ricl nc*w f'c>rtipciiiiirls f^riicliuilly divining thr 
prcifoiirirl irinc-r incra/iint^ Cif MfrifJcTcyc^v’s tahh*. 

'IV»clay we sc:e it in ;in c-.ntiredy rirw lii^fit. 

I>. MencIfTc-ycrv’s Pericjclic-'Tiiblc: proved an fxc:f*llc*nl .t»nidf to the study 
oT die: rf*i^uhiridc-s c>f die* struc ture's c>f atoniic; spc'c tra. Wfiilc: studyinj^ die 
spc'c-.ir;i e»f c:h:mc:nt.s arranged in the: orclctr of \1c‘riclf.*lf*yc:v’s fV'riodic'I'ahle 
Mc •nry Mosflc*y, ycanife British |ifiysif:ist, r|ijitcMinc*xpff:tc!dly disc'c>vf!rfd one 
more rc-tMiIarify in .Vfc*tidrTc:yr:v’s IVricidic:'I’alilc: in fcp'-j, ;».nd asc:c:rlainrcj 
tfic‘ imi>c>rTant rede- c>f the: alciinic: niinihcrrs ed f:le‘.ine:nis. 





He proved tliat (hr most important pari of ihr rirmrnt was tlir 
rharj^r on ihr rrntral mirh'iis wfiir.h rxarlly rcpials the element’s 
atomic' number. It ecpials one in hydroi>en, two in lu'liiim, thirty in 
zinc and ninety-tw'o in iiraniiiin; just as many eleetrons are tied by 
these eliarges to the nueleus and rush aromid the latter in their orbits. 

In <!very atom the numbe-r of eleetrons surroundiniLir the nueleus 
ecpials (her atomic number of the element. All eleetrons are very definitely 
arrani^ed in separate* layers. Layer K, first and closc-st to (he iiiieletis, 
contains one electron in hydrogen and tw'o eleetrons in all the oth<*r 
c-h-mc'iits. 'The* sc*eond layer L contains eii(ht eleetrons in most atoms. 
Layc'r M may have nji to ih <*lc‘etrons» lay<*r N up to ;^2. 

M’hc* ehc'inic^'d propc*rties ol' atoms an* det<'rminc‘d mainly by the 
struetun* of the outermost c*lc‘etroii layer which is j>artieularly stable 
wlfeii the* numbc'r ol' f“l<*eirons in it r<*ac:hc‘s eii»ht. 'l*he atoms with c»ne 
or two eleetrons in th<*ir oulc'rmost layer easily jijive (hem up and ehaiijUfe 
to ions. iMir example*, sodium, potassium and rubidium have one 
elc'c'lron each in their outermost layers. They lose thc'in very c'asily 
and ehanj^c* to nnivalc'Ht positively charged ions. Under the eireum- 
stanc'es the* nc*x( elec:tron layer bcoonu’s the outer laycT. I'his layer 
c'CHitaiiis H c*lc*c(roiis whic h ensures (lie stability of the ion-atom. 

'riic* atoms ol' ('alc'ium, barium and othcT alkaline-earth metals 
have* two eleetrons in (heir cMitermost layers each, upon losiUjLj which 
tlic*y bec'omc* stable bivalc'iit positive* ions. 'The* atoms of' bromine*, 
chlorine* and o(hc*r haloi*c‘ns have* sc*vc*n c*lc*elroiis in their outermost 
lay<*rs. 'I1i<*y greedily capture electrons from the outermost layers 
of other atoms and by rc*|.»letini^ (hc*ir own out<*rmost layers to ei^hl 
elc'ctroiis become stable negative ions. 

'The <*l<*meiits with three*, lour and live* ele*clrons in their outermost 
laye*rs elispiay a lesser (e*ndc*nc'y to form ions in chemical rc'aetions. 

'The* wc'itrhl ol’tlie* atom and the lrc*cpic*ncy of its occ'urre'ncc* in nature* 
dc*pc*nd on (lie structure* of its nuc leus, while its cheinic'al pro|K*rlies 
and spectrum are* dc*pendent e>u the* number of its elc*ctrons and are* 
extraordinarily similar in (*lemen(s with like structures of the oute*rinos( 
c'lcTtron layc*rs. 

Snell is the mystery e»f the atom. Sinc'c* this myster^^ was revealed 
ehc-mists and physicists, L;e'oche*mists and astronome*rs, technicians 
and (c’chiiolof^ists have* re*coi»ni'/.<*el M<*iide*lc'yc'v's Pc rioelic Law as one 
of the* j>rofouncie*st laws of nature*. 
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1 >. 1 . MENDELEYEV’S PERIODIC 




Figures in square brackets are mass numbers of stablest isotopes 
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IViKNnKLEYEV’S PERIODIC SYSTEM OF ELEMENTS 

IN OUR DAYS 


fiivcsligatcirs liavc j>r(>p<>s<*cl iruiny rliflrruiit iTirtlifids whcicliy lla* 
cliaracu*ristic Iratiirrs of M<‘iulclcy<'v’s Periodic "ralilc nii^hl he r<‘veal(‘d 
as (‘l<*arly and distinclly as |)ossihl<'. 

Some* illiistraiions in this hook show how Mend(*h‘yc:v’s great law 
was rejm-senied at different limes, now as hands and eolmnns nf>w 
as a twisted spiral on a j>lane, and now as a eomplicaterd pattern of* 
lines and arcs. 

We shall come hack to the attempt at s(‘ltiiig the tahh* forth in the 
form of a grand spiral later, hut now we shall pnrsent it as it is pntstrnted 
!)y modern scicaice. 

Let us look into this table and try to make* out what it really means. 

In the first place we see a hig numher f>f scpiares or boxes wdiieh are 
arranged in seven liorizontal rf>w’s (or |)eriods) anti in eightet'ii v«*rtical 
cr)luinns or, as the chemists call them, gnnjps. Incidentally, let us imme¬ 
diately observe that in most textbooks this table is giv<*n in a somewhat 
different form (the rows appear doubled, as it werre), but w'C shall find it 
more convenient to analyze it the way it is. 

The first pericjd contains only two eh-ments hydrogen (H) and 
helium (He); the second and third periods contain eight chemical 
elements each; there are i8 chemical elements in each f>f' the fourth, 
filth and sixth periods. 'I’he boxes of these six periods should be 
occupied by 72 eleirients; it turns out, however, that 14 elcrments 
similar to lanthanum, so-called lanthanides, are inserted between 
lx)x f,7 and box 72. Finally, the hast period contains, apparently 
like the preceding one, 32 boxes but only some of them are 
occupied as yet. 
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I'hc McndclcNcv's pcrii^Jic system of elements as represented by Soddy (1914). Ilori- 
/onta! lines show series of elements with similar chemical properties. Big periods arc 
shown in the form of eights (8). White circlc.s contain metals, black circIcs-metalJoids. Grey 
circles show neutral elements (noble gases and elements yielding amphoteric oxides) 


It is hard to conceive the existence of any chemical elements arranged 
licfore the first square occupjied hy hydrogen because the proton and 
neutron, which form the nucleus of liydrogen, are the fundamental 
bricks of which the nuclei of all the other elements are built; hydrogen, 
no doubt, rightly stands at the head of Mendeley ev’s Periodic Table. 
Fhe question about the end of the table is much more complicated. 
The last place had 'long [)een occupied by uranium. 

However, transuranium elements have l)een obtained in some 
experiments. Consequently, uranium docs not terminate Mendeleyev’s 
table. Nine more boxes have been occupied so far beyond uranium; 
these elements are: neptunium (No. 93), plutonium (No. 94), americ¬ 
ium (No. 95), cviriurn (No. 96), berkclium (No. ,97), californium 
(No. 98), einsteinium (No. 99), ferrnium (No. 100) and mendelcvium 
(No. loi). 

As the figures at the lop of each box show', each box is numbered. 
The numbers run one after another from one on. They are called 
the atomic numbers of chemical elements; they are related to 
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the number of electric particles contained in the elements and are, 
therefore, very important and inalienal)le properties of each box, 
each element. 

For example, atomic number 30 in the square occupied by zinc 
with an atomic weight of 63.38 is, on tlie one hand, the ordinal number 
of the square and shows, on the other hand, that the atom of zinc 
consists of a nucleus with 30 electric particles, called electrons, revolving 
around it. 

Chemists made many vain attempts to find elements Xo. 43, 
Xo. 61. X 0.85 and 87 in nature; they analyzed various minerals and 
salts and tried to discover some as yet unknown lines in their spectra. 
They made many mistakes, published bombastic articles about dis¬ 
coveries of elements, but these four elements have not been found 
either on the stars or on earth. It has now been possible, however, 
to pre|)are them artificially. 

One of them, Xo. 43. is supposed to have properties similar to those 
of manganese. D. Mendeleyev named it ekamanganese. 

This element has now been synthesized and named technetium. 

The second clement is located below iodine and is designated 
])y Xo. 85. It is supposed to have some fabulous properties and be 
even more volatile than iodine. D. Mendeleyev gave it the name 
of ekaiocUne. It has also been synthesized and given the name of 
astatine. 

Tile third clement, which had also been mysterious for a long time, 
is shown in our table under X^ 87. It was predicted by Mendeleyev 
who named it ekacesium. It has been synthesized and named fran¬ 
cium. 

Finally, the fourth element, which has not been found either on 
the stars or on earth, is XT>. 61. It is one of the rare-earth metals. It 
has been synthesized and is now known as promethium. 

Today the table of elements is much more complete than it was 
at the time D. Mendeleyev had to make out the complicated picture 
of nature and draw up his first draft of the table. 

As we have already mentioned, each box with a definite number 
is occupied by one chemical element. Physicists have demonstrated, 
however, that it is really a much more complicated affair. Thus, accord¬ 
ing to the chemical properties, box Xo. 17 contains only one atom 
of the gas known as chlorine with a small nucleus and seventeen 
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D, McndclcN t:\' periodic 'i.V'.tcin <»t c iemcnts ii; tfie t«iun ot tirclcs 'spiralI hc 
cli.inictcr> of the little circles represent the si/e^ r»f the atoms and ions. (Drawn 
by V. Bilibin in 194s) 


electrons which, like planets, surround it on all sides. Meantime, 
ph ysicists indicate that there are two chlorines; one heavier, and the 
other—lighter. But since their proyjortion is ecpial everywhere their 
mean weight is always 35.46. 

And here is another example. The familiar box Xo. 30 is occupied 
by zinc. But here, too, physicists point out there are different zincs, 
some heavier, some lighter, six different kinds in all. It, thus, turns 
out that though each box contains one chemical clement w'ith 
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drfiliiir natural j)rop<rlirs tli»rr: may b«‘ sctvcral kinds or ‘‘iscjtopfs” 
r>l tins rWrnrnl. In somt* rasr*s llirn* is only one, in others there are 
»*ven ten. 

Naturally, th<! .^croc hemists hef anie extremely intr rested in this 
frlierjorra non. Why shrmld all these isolr>pcs he eneountrrr<*<l in very 
delinitr aniriunis anti why are !her<‘ not inf>re of the heavy element 
in sriine j>la(es and of the lii^ht element in other plaf»:s:' (Chemists 
went to work rlar 1 Intj^ on ifhs lact. f'or analysis ih<-y lf>ok salts 
diflV n rit c>rit.'in: < ommon salt frf>m the sea and from varirius lakes, 
rof k-salt and salt from ( ’eniral Africa; from < ach kind of salt tfiey 
isolated the ( hlorinc and nnexpef l<*dly obtained the same numb’ers 
ior t}i<‘ atomir v^(•i^ht. I hey e\< ri took r hlorine from the roc ks that 
had lallr-n from the skv, but the f om[>osition of < hlr»rine prc>ved abso- 
Jutf'ly tfj(* siiine. And wlrat we call atomic, weight rc:mainc-d invariable*, 
nc» mattc'r wlu-rcr llic: ebinent came frc>m. 

lint the triumph cif the* c hc-mists did nc)t last lciM|L>. Ollier inv'crsti^atc>rs 
tried icj sc-paralc* thc-se hc*avy and liL»hl isc>toj>c*s (A the* atc»m in the 
labcaatory. Art(‘r c c*mj>Ii<:aied and lc*njL(thy distillatic>ri of c hlorine 
,i>as thc'v managed to c^btain ciiu: gas cc>rnposctd of lighlc:r atc>ms oi 
c hlc^rinc* ancJ anc^tlier inacJe up cjf hetavier atcirns. Jic>th thc:,sc: c hlc>rincrs 
are chemically abscJutcrly the- s^imc*, but their vvc'ights difier. 

'This disrcA'ery (A iscjtoj>es fA each clemetil has rendc/red Mcrnde- 
Ic'yev’s tallies rnorc! c c>m{dic:alc:d. It sc-ctmed scj simple! berfore: <f 2 bc>xes 
witli c>ne chemical elemc-nt in c-ach. J hc' numbe-r denotetd hejw many 
electrons there wc*re arc>und the nuc leus. I'actn thing was so simple, 
so clear and so certain! And suddenly it had all turnc'd out wrc>ng! 

Instc:ad c>f c^nc* oxygcTi there are d'HRKK of them ancJ their weights 
are c!xactly i ih and i8. But tlic! mcAl remarkable thing is that hydrcjgen 
alsci has 'THKHI'^ kinds cd'atc>nis, c>ne with the weight cA i, the .second 
with tlic' w<*ight of 2, and the* third with the: weight of 3. I'he secemd 
kineJ has been given a sjiecial name, deuterium. 

(;}iemically it is like* c^rdinary hydrcjgen, but it has twice the weight 
of the usual hydrogc!n. At large plants wherre water is deccjmpcjsed 
by me ans fA' electricity it has beren possible tcj obtain pure deuterium 
and frc>ni the latter special watc:r which ccjntains heavy hydrogen 
instead of the light variety. It aj^pears that hc:avy water po.ssesses 
specific properties: it destrcjys file (verry strcjngly affects living cells}. 
In a word, it “behaves” in a very spercafic manner. 

.'ih 



Kf>ll<>win,u; lliis acliirvriiirnt of 
l\\r. chniiisls ihf* grof^lwinisls 
took lip tlir* saiiK^ pro1>l('rn in 
rrlalion to natural hoclirs. M'hcy 
ihoui'ht llial siiirt* it was possiliJft 
to tliviflf* ihr atf>nis oi' liyclrojL^fM 
intfj various kinds in die: rf‘lf>rl 
naturi* was ])rol>ahIy doint^ tl'f‘ 
same. ()nly in nature all cheniic al 
prcjrcsses are" very restless and 
i}i<‘ natural eoneliti^ins* ol‘ the 
molten magmas in the earth’s 
intf‘rior or on its surfae'e change 
sti olteii that we ran hardly e xper:t 
the* ae:rumiilation <A pure iso¬ 
tope's which we have: been able 
tei obtain at larte>rie's and in rc*- 
se*are'h institutes. As a inattc'r of 
ike t it has turne:d out that liie: 



wate'r oi tiie seras and oc'etans O. Mcndrlcycv painted by bis 

c:ontains a little rnejre heavy Mciidclcycva 

water than dei rivers and the 

rain. C^ertain minerals contain even ineire he:avy water. A whole new 
world, ibrnie*rly inae:e:e'ssible to ihet mineralogist and ge;ejcheinist, 
opf:ned up before: us. 

'^riie differernce: between these: (:c>mp<iunds is sf> nc:gligible: in nature 
that it rccjuire*s the: subtlcrst me:thods ejf chcnnical and physical analysis 
to discover it. 


'The millionths and t:ven thousandths of a gram and centimetre arc 
irnperrcerptible to a mint:raleigist and gerochemist when he studie:s the 
stones, the waters and the e*arlhs ed' surrounding nature. We may 
e^ve:n forget that there are three eyxygerns, six zincs and twci pejtassiums 
since the differencers between therm are so nergligible and, frankly 
.s]M:akiiig, e^ur merthods oi’ invc'stigalion are still so crude. 

Only the chemists and physicists have learmrd to divide the 
ele:ine:nts intej different isotopes by their precise inve:stigations 
and there c:ari be no doubt that when thc*y master all of our 
nature by their most accurate methods thc'y will discover the 



greatest laws of gcoehcniistr)' of which we cannot even dream 
as yet. 

Meanwhile you and I may forget al)out isotopes. As far as we are 
concerned each box in Mendeleyev's Periodic lablc contains only 
one definite and invarial>le chemical element. For us, box No. 50 
contains only one tin which is always and ev'erywhere the same and 
which yields the same chemical reactions all over, is encountered 
in nature in the same crystals and has an atomic weight of 118.7 
wherever it may be Ibund. 

Mendeleyev's Periodic I'able is none the worse for this greatest 
discovery of isotopes; it has f)nly become more complicated in its 
minutest details while remaining essentially as clear, simple and distinct 
a picture of nature as it was painted for us by Mendeleye\’ who foresaw 
its tremendous importance. 

Let us go deeper into this table and see of what significance it is 
for the investigators of nature, the mineralogists and the geochemists. 

Let us first take a look at each column of boxes from top to 
bottom. 

Here is the first column—lithium, sodium, potassium, rubidium, 
cesium and francium. These are all metals and we call them the 
alkali metals. In nature they t)ccur together except arlifieially 
obtained francium. \Vc know their compounds well: for sodium—com¬ 
mon salt ^vhic:h you tisc with your food, and for potassium—saltpetre 
with which fireworks are made. 

Then come very rare alkali metals which arc now used in intricate 
electric appliances. But whatever the differences among all these 
elements they arc very much alike chemically. 

And here is the second vertical column in which wc find the alkaline- 
earth metals fnjrn beryllium, the lightest, to the famous radium. These 
also resemble each other forming, as it were, one family. 

Then comes the third column with boron, aluminium, scandium, 
yttrium, a box with fifteen rare-earth elements and, finally, actinium. 
Only the first two elements—boron and aluminium- which play an 
important part in nature are well known to us from everyday life. 
The first of these forms part of boric acid and borax which is used 
in soldering. Aluminium is a constituent of ncpheline, feldspar, 
corundum and bauxite, while in its pure form we can see it in 
metal wares, pots and pans. This is a rather complex group. 
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Aluminium may be considered a real metal, but boron is more 
like a non-metal because it forms salts (such as borax) with 
typical metals. 

We go on to the fourth column containing carbon, silici>n, titanium, 
zirconium, hafnium and, finally, thorium. 'Fhe first two are among 
the most important chemical elements in nature; carbon forms the 
entire mass of organic nature and is a constituent of all limestones, 
while silicon is an element about which you will read a special 
chapter. 

V\'e now come to the fifth, sixth and seventh columns. In these 
columns we have only special metals which are very highly valued 
in the metallurgy of iron and which are added to steel to improve 
its qualities. 

And here is the remarkable middle of Mendeleyev's Periodic 'fable 
consisting of the eighth, ninth and tenth columns. The most curious 
feature of this part of the table is that the neighbouring metals 
are ven- much alike. Iron, cobalt and nickel greatly resemble each 
other and in nature are always encountered together; they are 
al.so hard to separate in chemical analysis. Ruthenium, rhodium 
and palladium (^the light platinum metals\ as well as osmium, 
iridium and platinum (the heavy platinum metals) resemble each 
other no less. 

'Phe centre of the table is followed l>y four vertical columns 
occupied by .so-called hea\y metals. The.se include copper, zinc, 
tin and lead which are I’amiliar to us from our everyday 
experience. 

Now comes column fifteen. It begins with the gas known as nitrogen. 
This is followed by volatile phosphorus and arsenic, seini-metallic 
antimony and, finally, by the rather typical metal, bismuth. 'Phis 
column marks, as it wen', a sharp transition to the next part of Mende¬ 
leyev's Periodic 'Pabh' where we shall no longer encounter any metals 
with metallic lustre and other familiar properties. Phere we find sub¬ 
stances which chemists have named non-metals and which are gasetnis, 
liquid or solid. 

'Phe sixteenth column contains oxygen, sulphur, selenium, tellurium 
and the mysterious ])oloniuin; this is folhiwed by the seventeenth 
column of vidatile substances, first gases - hydrogen, fluorine and 
cldorine, then liquid bromine, and, finally, solid but also volatile 



< rysliils <>1 io(lin<‘. (ihcinists hav<t this ,i:;rou|) nl'(•l(‘inriils (cxcrpt 

liy<ln).u;(‘ii) the name nl hal<»jL;<*ns hreansr they lonn salts with alkalis. 
'This is denoted hy the meaning of tin* (ireek word: halogen means 
salt*|)rodnein^^ And h(‘i(‘ is the last eolmnn, the ei,i»hte(‘nlh, in which 
we find lie- rare or nohle erases. 'I hes(‘ do not coinhine with anythin,!.;; 
hnl im|)reL;nate ihr entire earth, all riiinerals, everything; that surrounds 
ns in nature. 'They hei;in with lit;ht helium, the .i;as of the sun, and 
<rid with the naiiatkahh* L;as (ailed radon whose atmns live only a 
lew days. 
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II I iw ;itr liic rhrinir.il (ifiiMiiis r in tio: roitli Olid I'tli 

lhrouf.di d In-. Iio'. I'lii;* < a ol i*r» at iinpor lan< 

to man. 

'I hr. <jnr\linn lia*. alway. < »anr fo lla* l<ar spnnlamonsly, arisini,;' 
from da- nr» d:, of <lay-lo-day hl»‘. Ihimitivr man iirrdrd mah rials 
ff/r hi,'. v\ Of k "lool'. and for ImnliiM' vv»aj>f>n:. amf sliajud ilirm frf»m 
har(f flini or fioin Mimlarly liaid, hni :>lr<iM!.M r, rirphritr. It is < Irar 
dial dir- -.raffli frif iniiirrals liraan many dirmsarnl:; of yrars hrfdrr* 
fiiir limr- wlir ii jiimiilivr- man aartr-fl payinjr allrmlion lr> r.pai IJr ir. 
of K/rlfl m nvr-r saiirfs anri I<j ihr- hr,inly ut wr-irdil u\ ctif tm r-nt slonrs 

dial a M r ar tr-r I t lim . 

III dii'. wav man fir:.t frnmrl r^iii .'ihr)iit, ;inr| ihr-n Ir-ariird to 

r >:lrar| anrf j>rr>ci \s r ripjir f , iin» ;;ofd anrI, (maily, iir>n. I lr- joarlually 
ar r umnia Ir-rl rfala anrI r-v j >rr irnr r*. 'Ihr- rridfais w'liri*' man was Iri 
r.r arrli fr*i rr>jij)f r anrf rrjhail rninr-rals tri maiinfar t urr- hlnr- rfyr-s, anrf 
lair? to fmri iifiti fr#r hmwn r>fliir:, r fay fr#r slalur-l tr-s anrf t nr r| ijr>i.sr; 
fo! da- sar rr-rl srarahs wr rr- al!< a<ly ki»r»wi» in am ir-nl jil. 

lafdr- hy filtlr- man Irarnr-r) ifir simplr* nalnral laws. It tunir-d rail 
dial sr»nir- mr tals wr-f r- oflr-n r iir r»iintf r* r| Iri'if’dirr , as, fra* rxam]>|r-, 

liii, r oppr-f anri /irir ; in its limr* this siij'j'f.tr rl if) man tin* idra of allrfyiiijL* 

thr ill anri prr>rhirinp, lirriii/.r*. ( johl ainl pn r inns strmr-s wr rr* found 

|r)i/r-tfir r ill riiliff plar r s, f|ay and fr lrlspais, lrr)m whir h |>r)ir r lain 
anrf fair*nr r- ran hr* marh*, in still ridir-r plar r*s. 

Man has, dm ., fnarhially rlisr rfvrrr rl dir* fimrlanir-ntal laws r)f ?m*o- 
f hr niisiry. AimI lh»- ah hr-mists, wlm in llir* Mirhlh* Apfs trir-d tr* prorhir r* 
)irr>|r| anri ihr*. pin lo;.ophr*r's str.nr* in thr niystrr irfus rpiir*! f)f thrir 
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laboratories, also contributed a good deal li» the accinnulaiion of 
natural facts. 

Already the alchemists knew well that certain metals have an affinity 
for each t>lher and are encountered together: thus sparkling crystals 
of galena are always accompanied in the earth by zinc-blende, silver 
folK)\\s gi»ld, while copper is often found togetlier with arsenic. 

When mining devehtped in Europe the geochemical regularities 
became clearer and more distinct. The fundamental principles of the 
new science of geochemistry were coming intt> being in the deep mines 
of Saxony. Sweden and the C^arjiathians: it was ascertaiiietl what sub- 
stanc<*s ^^ere fvuind in nature it>g(‘iher and under what conditions, 
aiui ^vlMt laws forced elenuaits to accumulate in cert.iin parts 

ol the earth and disperse* in others. 

riiesc* were the nu»st urgent epiestions in mining, xslhch recpiired 
the .ibiliiy to hnd place's where the indusirialh important metals — 
iron, ge'ld. elv\ ^iccumulated in large quantities. 

loiLw we know that the* common occurrence* e>f elements anti 
the'ir b<*h.i\ie)ur are subject te> wry definite I.iws and that these 
laws help in pr<*spe*cting le>r minerals. 

\V<* kne*w \erv we*ll freim e>ur e)wn ekiilv }nae'tie'e that such natural 
ele'menls as nilreigen, i'xygen and the rare*. ne>ble gase*s are fe>und ]>rin- 
e'ip.dly in the* atmosphere*. We alse» know that in salt-lakes or in salt 
mine's the* salts t)f i hl(»rine, bre>inine anti iodine are fe>une! li>getht*r 
in ceunbinatiein with the metals pe»iassium, soelium. magnesium aiul 
calcium. 

In granites, these light crystalline* rocks wliie h ha\ e* re'sulted fn)m the 
e*<u»ling e»f molte'ii magm.is. wt* finil their i>\vn delinite* chemical ele'inents. 
riiey are ceiJinea le*el with pr<*e’ie)us sle>ne’s which eeniiain atenns e>f ben'e)n. 
beryllium, lithium anti iluorine. 'l'ht*v ,tlse) include* aeiuinulaiions t»f 
im)it>rtant anti rare* metals tungste*n, nie)bium anti tantalum. 

L'ulike the granites, in tin* ht'avy basalt ituks whii h have streaimxl 
euit ol the e*arih's intt'rien* wt* fmtl tt»geth<'r the* mint'rals of chreunium, 
nickel, copper, irt»n anti platinum. In the ci»mple*\lv rami!it*tl svstems 
ol lexit's branching e»ut e>l immense* unelergre>und lakes t^f me*lten inagitta 
which rises to the* earth's suiiace the* |>re>spector linels zine* anti 
lead, goltl anti silver, arsenic ami merciirx. 

I he ineirt* emr scieiu c* ele\ (*Ktps the elt*are*r anti mi»rt* t'erlain become 
the* Lews whiih ^\e're liMig ince>mprt*hensible. 
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\l<*an\vliilr, Irl us tak<‘ a look at Mend dry cv’s Periodic Ta]>le. 
Don’t you think it is the saine compass fV>r us searchers lor stones and 
metals as it is for the chemists? 

The centre f>l Mendde\’e\’’s Periodic "I'able is occupied l>y nine metals; 
iron, cobalt, nickel and six metals ol' the platinum group. We know 
their df'posits lie deep in the entrails of the earth. If tall mountain 
ranges are erf>ded over millions ol* years almost to the level of jjlains, 
as is the case in th<‘ Lbals, these green Plutonic rocks, the be-arer^i 
of iron and platinum, are laid bare. 

Voii see that these elements are n<>t onl\' the Ibundation of our intiun- 
tain ranges, but that they also occupy the central place in Mench*leyev's 
Periodic Table. 

Tet us turn to the metals which we call hf^avy and which take up 
considerable spare to tin* right of nickel and platinum. These are copper 
and zinc, silver and gold, lead and bismuth, mercury and arsenic. 
Have wc not just said these metals were always encountered together? 
Miners look for them in lodes which cut through the earth’s crust. 

Now let us go left of the c<‘iure of the table where w e observe a similar 
field. 'Phese are the familiar metals which form the precious stones, 
the compounds of beryllium and lithium: they are the rare and ultra- 
rare dements which accumulate in the oulerinost extrusions f>f 
granite massifs, in large granite pegmatites. 

Let us go farther left and right in our table. Wc must not forget, 
hovvev’er, that its long row's close in in a common spiral and that 
the extreme left and right groups are contiguc>us. Here we see the 
very familiar dements of salt deposits: .salt-lakes, seas and oceans, 
and extensive accumulations of rock-salt. I’hese arc the dements that 
form the salts of chlorine, bromine, iodine, sodium, potassium and 
calcium. 

And now look carefully at the top right-hand corner of the table; here 
you will find the chief dements of the atmosphere— nitrogen, oxygen, 
hydrogen, helium and other noble gases; at the top left-hand corner you 
will see lithium, beryllium and boron. Don’t they remind you of the 
volatile parts of the granite ina.s.sifs where the beautiful precious stones — 
th<r pink and green tourmalines, the bright-green emeralds and violet 
kunzites are formed? As you see, Mendeleyev’s Periodic Table itself 
suggests the groups of dements encountered in nature and really and 
truly serves as a compass for the search of minerals. 
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In order to confirm the 
retfij/arifie.s mentioned 1)> nri 
example let us recall the chief 
inineraJs found in the l/raJs. 

The Urals appears before us as 
an t'liornious ]Meiidelcyev'’s Peri¬ 
odic Tal)Ie spreading across the 
rocks. The axis of the range and 
of the tal>le passes through tlie 
hea\'\' green rocks of platinum de¬ 
posits. Its extreme groups are in 
the salt zone of famous Solikamsk 
and in the regiems ol* the Emba. 

Is it not a marvellous con¬ 
firmation of the profoundest and 
most abstract ideas? I believe 
yon have already guessed that in 
NIerideleyev’s table iht' elements 
are not arranged fortuitously but 
according to the similarities of 
their proper ties. And the greater 
the sinhlarities between the ele- 
CliH.. on the bank, r.f the Chusovava River „,e„ts the closer to each Other 
'S\ crdliiv sk Rcijiofi . . i • 

they are lounc! m the Periodic 

Table. 

It is the same in nature. I’he signs showing vjiri<)us minerals on 
our gor)logical maps have not been put there by mere accident, as 
it is iic> accidtrii that <»sinium, iridium and platinum or antimony and 
arsenic are encountered in nature together. 

7 'he same laws ofsiniilarity, ol chemical affinity of the atoms determine 
the behaviour t>r the elements in the earth's entrails. The Periodic 
Taljle is really the most important instrument with the aid of which 
man discovers the resources of the earth’s interior, finds useful metals 
and cmploNS them in devc^Iojiing his economy and industry. 

Ect us recall the distant past of the Urals. Heavy molten magmas 
consisting of dark, black and green Plutonic rocks rich in inagnesiurii 
and irc*n rose from the interic.)r of the earth, f’hey recreived an admixture 
of chromium, titanium, cobalt and nickel ores; to these were added 
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thr nictals <>!' thr platinuin group - ruthciiiuin, rhodiiiiu. palladium, 
osmium, iridium and plaiiiiurn. 

T'hiis brgan the first stage in the histr>ry f>f‘ the Urals, the deeply 
imbedded f hai'rj o/' diinife and ser|:)entinf‘ rf>cks that form tlie centra] 
frame (if the UraJs Range whicJi stretches to tlie Arctic islands in 
th<‘ North and is tJuried under tfu* feather-grass steppes of Kazakh¬ 
stan in the South. In Mendeleyev’s IVriodic Talile it is the central 
part. 

In th<‘ [>rocess of separation of melts the ligliter volatile substances 
are evolved, and in the cijinjilex change of rocks which form the present- 
day LTrals light-coloured granites crystallized out in the interior at the 
end of' its volcanic activitx. It is the grey granite so familiar to all 
who live in the Urals, especially along its trastern slopes. While v^eins 
of pure cpiartz pierce the granite and thick pegmatite veins branch 
into its external sectifiiis and penetrate into the lateral rocks. These 
processes lead to the accumulation of the volatile elements boron, 
fluorine, lithium and beryllium and the rare earths and to the 
formation of the preci<jus stones and rare-inetal ores of the Urals. 

In Mendeleyev’s periodic system it is the left field of the table. 

But h<jt solutions rose to the surface both at the same time and later. 
They bore the low-melting, mobile and highly soluble compounds 
of zinc, lead, copper, antimony and arsenic, and with them carried 
silver and gold. 

"I'lie.se ore deposits run in a long chain along the eastern slopes of 
the' Urals, now forming large concentrations—lenses, now !)rariching 
lodes and clusters of lodt's. 

In Meiidelevcv’s Periodic Table it is the right field of ore elements. 

But then the volcanic activity came to an end and the pressures, whicli 
raised the Urals, shifted its ridges from Kast to West and opened here 
and there an outlet for volcanic rock and for the hot waters of the 
v’eins, ceased. 

'I'hen a lengthy period of destruction began. For hvindreds of 
millions of yeais the Urals Mountains eroded, their rocks l)eing 
weathered away. All that was hard to dis.solve remained, the rest was 
dissolved and carried awa> by water to the seas and lakes. The Cireat 
Permian Sea whic h washed the western slope of the Urals accumulated 
these substaiu-cs. 'The sea l>egari drying out; bays, lakes and firths v\-ere 
detached from it and the' salts settled to the bottom. 



It was, thus, that the salts c»rsodium, |)otassium, magnesium, chlorine, 
bromine, Ixaon and ru))idium accumulated. 

In Mendeleyev’s Periodic Table they occupy the upper and the left- 
hand boxes. 

And only what did not yield to the cliemical action of* water now 
remains where once there were the mountain peaks of the Urals. 

A crust of* disintegrated rock grew for scores of millions of years 
in the tropical climate of the Mesozoic era. Accumulating in this crust 
iron, nickel, chromium and cobalt formed the rich deposits of brown 
hematite which laid the foundation for the nickel industry in the South 
Urals. 

Quartz deposits accumulated in the regions of* granite disintegration, 
(iold, tungsten and precious stones were retained and concentrated 
in these deposits and in sands. 

riius, the Urals gradually died covering up with soil, and only 
now and then waters rushed in from the* East en»ding its already over¬ 
grown hills and depositing manganese and iron ores along the shores. 

VVe find Mendeleyev’s Periodic Table hidden under the taiga of 
the polar Urals and under the feath<*r-grass steppes of Kazakhstan. 
Soviet people are now discovering various elements of this table and 
are utilizing them for industrial purposes. 



THE ATOM DISINTEGRATES. URANIUM AND 

RADIUM 


The preceding chapters told us that the atom, which in (ireek means 
“indivisible/’ forms the Iiasis of the science of geochemistry. All of 
the surrounding nature is composed of a combination of loi varieties 
oi at<nns which corresp()nd to loi different elements. 

But what is this minutest “indivisible” particle of matter? Is it reallv 
“indivisible”? Do the lor varieties of atoms actually exist independently 
of each other without displaying any unity of structure? 

The idea <jf the atom as a materially indivisible globule formed 
the foundation ol’ chemistry and physics. The “indivisible” atom 
quite explained the physical and chemical properties of matter, and 
for this reason chemists and pliysicists were not particularly anxious 
to discover the complex structure of the atom though they suspect¬ 
ed it. 

And only when the famcnis French physicist Bccquerel discov'ered 
in iHc)6 the phenomenon of some invisible radiation by uranium un¬ 
known until then and the Curies found the new clement known as 
radium, in which this phenomenon was much more pronounced, it 
became clear that the atom had a very complex structure. Now, after 
the brilliant work of Marie Curie-Sklodowska, the Curie-Joliots, 
Rutherford, Rozhdestvensky, Bohr et al, the picture of the atom’s 
structure is sufficiently clear. VVe know not only the simplest particles 
of which tlie atom is composed, but also their sizes, weights, mutual 
location and the forces that bind them. 

We have already said that the atom of each chemical element despite 
its negligible size (it has a diameter of o.oooooooi centimetre) represents 
a verv complex .stnictun* l>uilt like our solar system. 






'I'h(‘ ntf)in is roniposeci ofa niirlriis 
its (lianirlcr is o.ooooi iliat ol' thr 
atnni .'ukI t()nes})(»ii(ls to about 
i ('HI ill wliich the bulk ol tlu* 
atom is (ourcMitratcd. 

I'hc nucleus of the atom carri(\s a 
positive electric cliaru^e. "f'h(‘ numlier 
ol' the jiositive particles in tli(‘ 
nuchais increases with the tran¬ 
sition ti-om till* atoms ol the lit>ht 
cluMiiical elenu*nts to the lu'avyones 
and corresjionds numerically to lh(‘ 
immbei- of the box ihf* eleiiKmt 
ucujiies in the Periodic Table. 

Uectrons. (Mch carrvin^ a ne.L»a- 
live chari>(\ revolve around th(‘ 
nucleus at V ai ions disiaiues Irom it. 

I he niiinbr*!' ol' (‘lectroiis ecjuals 
ihtU «)i the positive* chariL^es on the 
nue leus. s'» that the atom as a v\hoh* 
is an eh‘('ti if allv' neutral striKiure. 

rile nucU'i of the <itoms ol all ch<‘mi(al eifurients are built (»! two 
simplest jiariicles a prfUoii. or hvdi'o^en .iloni nucleus, and a 
neutron. The protein has .i mass nearb etjual to that ol tlu; hvdro^en 
atom and ( arries one posl!i\e < har;Lt(‘. The neutron is a material 
pani( It* with a mass similar to that ol the proton but without any 
electric ( hari^e. 

The jiivilons and neutrons in the mu lei ol atoms t f»here so firmly 
tliai in all ^hemit al reat tions the mu lei i»l the atoms are jierfectly 
stable and remain uncham>t'd. 

If we i^radnallv pass from the lighter to tin* heavier chemieal 
elements in Mendelevev's perif»di< sysK-m wt* will find that the 
nuclei o! ilie atoms of the (‘lemeuts art* Cfunposed of an 

a})proximaielv etjiial mimijer ol jiroious and neulions this is (‘asy 
to s(‘e from the tat I that th<‘ atomic weight til tin* el<aneiits in the 
i)e<»innine of llie JVriodic Table is t*ither rumuM’ieallv e(jual or close 
to the clfiubled atomic numbe r of th<' element i. 

With a tiansition to tlie heavier chemical elements tlu* number 
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ol neutrons in tin* nuclei of* the atoms bes^ins to exceed that of the 
protons. 1‘inaliy, tlie number of neutrons considerably exceeds that 
of the protons and the nuclei of the atoms become unstable. Begin- 
nin|L( with the 8isi atomic number \vc encounter unstable, as well 
as stable, varieties of atoms of chemical elements. The nuclei of the 
atoms of the unstable elements spontaneously disintegrate liberating 
large amounts of energy and change to atoms of other chemical 
elements. 

hrorn atomic number 86 on all nuclei of atoms of chemical elements 
represent unstable structures and the corresponding elements are 
radioactive. 

Radioactivity is a property of the atom to di.sintegratc spontancouslv 
changing to atoms of other elements with a liberation of large amounts 
of energy in the form of difTerent radiations. Tlie latter have been 
divided into tliree groups. 

"I'he first is the alpha rays or a stream of fast travelling material 
j)artieles witli a doubh' positive electric charge: each alpha ])article 
has a mass four times that of tlie hydrogen atom and is actualK a 
nucleus of the helium atom. 

Tlie second is the beta rays or a stn'ani of electrons travelling at 
an enormous rate. Each eh'clnin carries one negative charge, the 
smallest of the existing charges, and has a mass i/i.84(> that of tiu* 
hydrogen atom. 

The third group is lormcd by gamma ra>'s which represent a radiation 
resemliling X-rays, but with a shorter wa\e-length. 

If we pul about a gram of a radium salt into a small glass lube, 
solder this tube and watch it, we shall be able to observe all the 
principal phenomena that attend radioactive disintegration. 

In the first place, i^^\'e u.sc an instrument .sensitive enough to measure 
slight differences in temjieralure, wc .shall easily discover that the 
temperature of the lube containing radium salt is somewhat Iiigher 
than that of the environment. 

You get the impression there is an efficient heating device liidden 
in the radium salt. On the basis of this ob.scrvalion we can draw an 
important conclusion that radioactive disintegration or the process 
of break-up of the atomic mu lei is attended liy a continuous production 
of large amounts of energv. Kxjierieiic.e shows that in “breaking up’* 
one gram of radium jirodiices i^jo small calories ol heat per luiur 



whilf ill changing coniplcteh In lead (which takes aliout 20,000 years) 
it will produce 2.0 million large calories ol' heat, i.e., as much as is 
produced liy the burning of half a ton (»f coal. 

Now let ns lakt' a small pump and pump the air out of the tube 
containing radium into another tul>e from whi(‘h the air was pumped 
out beforehand. Let us solder this new tul>e. We will soon find that 
in the dark this tube emits a greenish-bluish light just likt‘ the lube 
with the radium salt. 

riiis secondary radioactivity is du(‘ to the appearance of” a new 
raditjaelive sulistaiu'e born of” radium. "I liis substance is a gas. It has 
been named radon Rn;. 

'L'he amcjimt of radon in llu* tube iiirrc*ases for a [)<‘i*iod of fortv 
davs after w hic h it bc-comes constant l>c‘c-.ause the rate* of” clisinic'gration 
of radon then c'cpials the' rate ol its conissiem. We can ol)ser\'(‘ radio¬ 
activity by Iu»lding the tube's up tt> a chargc'cl electroscope'. Radioactive 
radiation ioni/.es the air making it a eoiuhie te>r of elc'etrie itx and the 
c'h'ctroscope' ntiis clown. 

Ji” we watch the ellec t of the tube' eoniaining rad«)n on a charged 
ele'rtrosc'ope clay aftc'r da\- we* shall easiK observe' that in the course 
of” time this effect weakens. Within class the t'lh'c t will lx* half 

lost, and if the* lube' is liiought c'lose' to ,i c harged e'h'c trose«)}.»e p) days 
later it will fail to jirocluce* any effee t. But it” we jiass an (*le'c trie discharge 
through OIK' ot tliese “mature* * tulec's and e>l)s<*r\e* the* luminescenc'c 
ol this gas procluce'd b\ the* discharge' in a sj.>ec:tre)sc<tj)e' we* shall clisee)ver 
the api^e-arane e of tin* s})e*< trum ot a new gas he'liuin. l-’inal)v, if” we 
thoroughls remose* the radium .salt from the tube* alter keeping it in 
the latlcT lor mans ye'<irs and then l)\ >'*nsili\e me*ibods e)l analysis 
te*st the surfac e ol’ its iniic-r walls Tor the' presence* of forc'ign c hemical 
ele*mc*nts wc* will l}e* able' to liiid minutest traee*s ol lead in llu* e*mpty 
tube. 

In one year the clisinte-griitiou ol ilje* aiemis ol f>iie gram ol metallic 
radium produces 4.oe> m * grams of lead with a mass numlx'r e)i” 
2c»() and 172 c ubic* millinie*trc*s of gaseous helium. 

rhus. T*adi<»a<:li\e- chsinlegraliou e>j raefium re sults in eMie* urw radie)- 
active element aftc-r aueahe*r with the linal lormation of non-radioaelive 
lead. At this stage transformation ct'ases. Radium is itsell only an 
intermediate link in a long cdiaiii of procluc l.s e»l’ uranium iransfor- 
rnation. 



1 he series ol elements produced as a result <if disintegration ol radio¬ 
active elements is known as the radioactive series. 

All the nuclei of each radioactive element are unstable and are 
equally probable to disintegrate in a given period of time. J'hus, a 
sufficiently large sample ol radioactive sufistance containing many 
millions of atoms always disintegrates at the same constant rate re¬ 
gardless of any chemical or physical influences. 

It has been demonstrated that no external physical inHuences produce 
any effect on the decay of a radioactive substance, be it a temperature 
of liquid helium, which is close to absolute zero, or teinjicratures of 
.several thousand degrees, pressures of .several thousand atmospheres or 
high-voltage electric discharges. 

The rate at which a radioactive substance disintegrates, or is trans¬ 
formed, is usually expressed by the half-life period T or the time 
required for half the initially present atoms of the substance to disin¬ 
tegrate. Tliis value is, apparently, characteristic of and constant for 
each variety of unstable atoms, i.e., for each given radioactive cle¬ 
ment. 

I'he half-life periods of radioactive elements vary very widely - - 
frfiin a fraction of a second for the most unstable atomic nuclei to thou¬ 
sands of millions of years for the slightly unstable elements which include, 
for example, uranium and thorium. Like its radioactive “parent’' 
the “daughter” nucleus is frequently itself an unstable radioactive 
suijstance and decays further until a stable nucleus is formed after 
.sev'cral successive generations of nuclei. 

Three such natural radioactive series or families are knoun today; 
the uranium-radium series beginning with the isotope of uranium 
with a mass number of 238, the uranium-actinium scries beginning 
with another isotope of uranium with a mass of 235 and the thorium 
scries. The nuclei of the atoms of lead isotopes with mass numbers 
of 206, 207 and 208 respectively are the stable and no longer disinte¬ 
grating end-products of each of tliesc series formed after ten to twelve 
successive transformations. In addition to lead the alpha particles, which 
have lost their kinetic energy and charge and have become atoms of 
helium, are stable products of transformations in each of the above 
radioactive scries. 

During the incessant radioactiv’c disintegration of the uranium, 
thorium and radium atoms on earth heat is continuously produced. 
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not subject to any c.hnnical or physical inlluences and remains strictly 
constant. On the other hand, during radioactive decay stable and 
no longer changing atoms of the elements helium and lead ar<* 
formed and, as time wears on, their amounts will increase more 
and niore. 

Since wc know the amount of helium and lead Ibrmcd as a result! 
of radioactive decay (d* the atoms of one grain of‘ uranium or thorium 
in one year we determiru! the amount of uranium or thorium contained 
in a particular mineral and the amount of helium and lead in the 
same mineral, and by taking the ratio of helium to uranium and thorium, 
on the one hand, and the ratio of lead to uranium and tliorium, on 
tlie other, we get the time in years that has passed since tin* moment 
this mineral was formed. 

As a matter of fact, when the mineral w'as formed it contained only 
atoms of uranium and thorium and had no atoms of helium or lead; 
then through the disintegration of the atoms of uranium and thorium 
atoms of helium and lead began to appiear and gradually to accumulate 
in the mineral. 

A mineral containing atoms cjf uranium and thorium may bo likened 
to a sand-glass, and you have probably all seen how it w'orks. Let me 
remind you how’it is made. Ii consists of two intercommunicating vessels 
one ol which contains a certain amount of sand. As the sand-glass 
is put in operation it is fastened and the sand is allowed to pour slowly 
iVoin the upper vessel into the lower by force of gravity. 



Oc<;triJCti()n of nitroi^cn nuclei under the action of alpha particles. I,.oni;-ranf»e protons 
are liherateil 

















I'lir amount ol' sand is usually pul in thr sand-i^lass with the idea 
that it ein]>l\' into the lower vessel in a definite period of time, sa\’, 
lo or 15 minutes. In practice a sand-jL»Iass is used to measure constant 
periods of time lluiugh it could he used to measure any periods of time. 
For this we would eith<*r have lo weii»h the amount ol sand or t(» mark 
ofF eijiial volumes in the \es.st‘ls and measure the volumes of sand 
poured in. Since sand Hows at a definite rate imdr‘r the ac tion ol mrax'ity 
we ran determine In vofume tfie amount (A sand poiirint^ from the 
upper vrssri into tin- lower per mimile and tell the numher of minute's 
that elapsed from tin* time wt' put the saiid-qiass in operation 

by the volume of sand we find in the hnver vessel. 

Something like this is hapfienini^ to the mineral in wliich atoms 
ol uranium and thorium art' found. It res<*inhles the upper vessel 
that contains a certain amount ofsand. only the part t)f the sand grains 
is playt'd l)y the atoms of uranium and thorium. I'hey are al.so trans¬ 
formed into aitmis of helium and lead at a definite rale and, as is the 
case with the sand-glass, the atoms of disintt'graiitm aceiimulate in 
direct [irtjjxunion to the time that has t'lapsed sint e the existt'iice of the 
radioactiN e mineral. 

We determine the amount of remaining uraiiiimt i)v direct analysis 
and estimate the numher of disintegralt'd atoms of uranium and thorium 
hv the amount of lielium and lead that have lornied from them. 'Fliest' 
data make it po.ssihle to find the rati<^ of uranimn to the amount of 
the lead and helium produced and. et>ns(‘t.|uently. lo estimate the lime 
during which the decay took place. In this maimt'r seit'utisls have been 
able to determine that there are minerals on earth since tVie formation 
of whic-h nearly two thousand millif>n years have passed. J’hus, wc 
now know that onr earth is a very old edd-Jady and that she is consider¬ 
ably c»lder than two thou.sand million years. 

'I’o conclude this chapter I should likt* lo tell you abt)ut one more 
phenomenon which was discoverc*d very recently and which is prob¬ 
ably destined to play an important pari in the life of people. We 
have seen that beginning with atomic numlx'r 81 in Mendeleyev’s 
periocJic system the atoms of the heavy chemical eleineiits have not 
f»nly stable, but also unstable nuclei, the* Jaltei- possessing the property 
oi radioactivity. Ft alsc> turns out that the nucleus of an atom 
ix'comes unstable if a certain definite proportion lx*tween the protons 
and nc'utrons is grc*atly distiirlx'd. With the number of neutrons greatly 
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cxctteding that <A the protons in the nucleus the latter becomes un¬ 
stable. 

As soon as scientists noticed this property of the nuclei of chemical 
elements they found a means of artificially chanj^ini^ the proportion 
between the protons and neutrons in the nuclei and, thus, to transform 
the stable varieties of atomic nuclei into unstable ones and to make 
chemical elements artificially radioactive at their will. How can this 
be done? 

To do this we lia\'e to find some sort of projectile not larger than 
the nucleus o/ the atom, impart a great deal of energy to it and fire 
it into the nucleus of the atom. 

M he alpha particles emitted by radioactive substances are just the 
projectiles of atomic: size with a very great amount of energy. They 
w ere the first to be employe d by scientists for the purpose of artificially 
breaking up the nucleus ol' the atom. Ernest Rutherford, famous 
British physicist, was the first to succeed with it; while acting on the 
nuclei of nitrcjgen atoms with alpha rays in 1919, he discovered that 
these atoms emitted protons. 

Fifteen years later, in 1934, young French scientists, Irene Curie- 
Joliot and Frcdc^ric Joliot by acting on aluminium with the alpha 
particles <jf polonium disccnered that under the action of the alpha 
rays aluminium not only emanated rays containing neutrons, but 
retained its radicjactive properties and continued to emit beta rays 
I’or some time alter the end cT irradiation hy alpha particles. 

By chemical analysis the Joliot-Curics ascertained that it was not 
the aluminium itself that became artificially radioactive but the 
pho.sphorus atoms formed from the atoms ol’ aluminium under the 
action of the alpha particles. 

Thus, the first artificially radioactive elements were obtained and 
artificial radioactivity was discovered. After trying various methods 
to obtain artificially radioactive elements scientists soon began acting 
on the nuclei of chemical elements liy neutrons instead of alpha particles 
since the former penetrate into the atomic nuclei more easily than the 
latter which liave a positive charge and are, therefore, repelled by 
the nucleus as they approach the atom. 

These repc'lling forces are so great in the nuclei of the atoms of the 
heavy chemical elements that the energy of alpha particles docs not 
suffice to overcome them and the alpha particles cannot reach the 
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nucleus of the atom. Since neutrons do not ciirr\' any electric 
charge they are not repelled by the nuclei and easily penetrate into 
them. As a matter of fact, it has been possible to obtain artificially 
radioactive unstable varieties of atomic nuclei for all the chemical 
elements Ijy acting on these elements with neutrons. 

In 1939 it was discovered that when uranium, the heaviest chemical 
element, was acted upon bv neutrons of low energy, the atoms 
<^f uranium suffered a' new, formerly unknown, type of disintegration 
in which the nucleus of the atom split up into two approximately equal 
hal \es. These halves are themselves unstable varieties of the atomic 
nuclei of familiar chemical el(‘mems found in the middle of Men¬ 
deleyev's Peri(Klic 'Fable. 

One year later, in 1940, K. Petrzhak and G. Flerov, young Soviet 
physicists, discovered that this new type of disintegration or new type 
of radioactivity of \iranium, also occurred in nature, but that it was 
enct>untered much more rarely than the usual disintegration of uranium. 

If it takes half of all the atoms contained by uranium 4,500 million 
years to break up in ordinary radioactive decay, disintegration b\' 
division of the atoms in halves lakes 44x10^“ years. ConsequeniJ\. 

this second type of disintegration occurs ten 
million times as slowly, l)ut is accompanied by 
a much greater liberation of energy than the 
usual radioactiv'c disintegration. 

As scientists demonstrated in 1946, certain 
stable nuclei of elements are formed in the new' 
type of radioactivity of uranium as well ; these 
continuously accumulate in nature along w’ith 
the formation of unstable and further 
disintegrating nuclei. 

Whereas the usual radioactive disintegration 
is attended by a formation and gradual accu¬ 
mulation of the atoms ol‘ helium the new type 
(jf radioactivity of uranium results in the for¬ 
mation and gradual concentration of the atoms 
of xenon or krypton. 

By Ijombarding the isotopes of uranium it has 
been possible to obtain a number of nt‘w trans¬ 
uranium elements - neptunium with the atomic 



Destruction of a ura¬ 
nium atc»m by a slow 
nemrron 
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nuni)->cr of 93, plutonium—94, americium—95, curium—96, ber- 

kciiuin 97, californium—98, einsteinium.99, fermiuni—j 00 and 

UHTridclevium - loi ; they have all found their places in Mendeleyev’s 
Periodic 'I’able. 

The most interesting, though, is the fact that by this new type of 
disintegration it has become possible to direct and accelerate cyr slow 
it down at will. If this j^rocess be greatly accelerated and the atoms 
con taint'd in one kilogram of uranium be made to break up in this 
manner at once the energy and heat liberated as a result will equal 
that produced by the combustion ol 2.oot> tons of'coal and a tremendous 
explosion will occur. 

After. the cxplosir^n the fragments themselves will seek new forms 
of equilil.)riLiin until they liln'rate the surplus energy and change to 
mtjre stal,)le and sIov\ly disintegrating atoms of different metals. 

The rt'markable part fjf this discovery is that human engineering 
not only produces iliese stormy redactions which liberate* tremendous 
e'nergy. I>ut can also infliie'iue*. re'tard or acex'leratf* them and replace 
the stormy e'xjjlosions bv a slower and quie'ter liberation of powerful 
energy over a pe*riod eif thousands of velars. And the' brilliant the)Ughl 
about nuclear e'liergy which was only arising at the end of the 90’s 
in the* mind of'Pi<*rre Cairie*. vn Iuj jf>iritl> witli his wife discovered radium, 
the thought that only few sci<*niists dar<*d expre*ss f)n the threshold 
of ihed new e'enturx, is now fiecoming reality. 

Wlie'ii in 1903 the 
scientists painted a jiiciure 
e:)f a happy future* f)f hu¬ 
manity posse'ssing endh'ss 
reserves of the energy it 
needed, this idea seemed 
only a bc'autiful fantasy 
and did not find confirma¬ 
tion either in re'al facts of 
nature or in the af'hic\'t'- 
ments of the engineering 
of the time. And now this 
dream is coming true. 

Small vve^nde r that ura¬ 
nium has lately become 



f>f self-sustained chain rcactifm in the 
nuclei f»f uranium ntoniN 2;s 
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** „ -ill countries. Forincrlv it was 
the ol>).-ct of exci pl.enal attciiUt. . radi'.tnt roncerns 

only n nns.c pr.^nc, o rn<l,«n, 

n Canaria, the Lniteci St a ^ - i- « T»l'in»*c Rut 

O finci ap/^lication i'or t/iis hy-prnduct at large radiur } < - 

-VIS- Ictw'-priccci and was utiiJy.cii 


IT 

to ftnei ap/^lication 

titc'y fiittii ti€» iixe‘ fr^r it: it w'i 

in d\'ein^ porcelain and tile and in the production oi cheajj green 
glass. 

'Flic situation has changed of Jate: having become the centre of 
attention it is now uranium and not radium that is being searched 
and jirfispccted Ibr. 

Fven if' it still requires a lot of efTort to master this problem, even 

if this j)ov\er is more expensive* 
in the beginning than the power 
we get Ifom sieam-lioilers, grand 
opportunities for utilizing these 
practirallx eternal engines open 
lip belV>rt' humanity. 

M»in has a new form of 
energy more powerful than any¬ 
thing ever known before*. 

Tile* scientists the world fner 
are now doing tlH*ir l)cst tf) 
master this great new fc^rce* as 
soon as possible. 

It is a matter of regret that 
iJie warmongers are trying to 
utilize this energy primarily lor 
destriu tion. But the forces that 
are capable of frustrating the 
plans of the handful of im¬ 
perialists and of making this new 
power serve all of working fiu- 
manily have already matured. 
In the Soviet Union atomic 
energy is already being used for 
llic production of electric jKiwer. 

When the time comes that 
atomic energy is a commonplace 



Uranium reactor. This is the name f-iven 
tfi rhe device in 'which the chain nuclear 
rcacri»>n of uianiern 2^5 takes place. It 
is an enfirmous tank filled with uranium 
and sraphite. 'which decelerates the 
reaction. On the out.sidc the reactor is 
surrounded by a substance which 
reflects neutrons 
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tiling wo sliall have (‘lortric stations lilting in a siiit-caso, motors ol sovoral 
horse power the size of a ])oeket watch, j(*t propulsion with a reserve 
of energy lasting s(‘veral years and planes cajiahle of flying lor months 
on end without refuelling. 

'I’he age fif atomic energy, the age of unprecech'uled might of man 
is in the oiling. 

And in the lighl (»!' the new ideas about the structure of the atom 
1 ). Mendeleyev’s Periodit J.aw has retained its significance*. 

MoreeAcr, it will serve as the same guiding star in cognizing the 
intra-atomic ])henomena as it has served in learning the chemical 
relations between the atoms. 


iv4’ bi>qinnin() 
u rn>w oqe of 
' uruniitni and 
^awm/c energy * 



THE ATOM AM) TIME 


It is hard iCi roiu i'ivc ;i sifiiph r and al tin* same tiinc a iiiorr t (implrx 
idea than time. An old I'innisli provorl) sa\s; “ I Iumc Is noiliins:^ more* 
1 cinarkahh*, more conijih^x iind mort* in\iri(il)h‘ in ilu' world llian 
time." Arist<itl(‘. one <> 1 * ihc- oroatrst |)hiU>s< »j)lu rs ol^ i 1 m‘ anciriit \V(jrld. 
wrote four ernturies B.O. that amid tile unknown in 'iiirroiindin^ 
nature tiie most unknown was time Ix'i ausc nobody knew what time 
was nor how to eontrol it. 

lA (Ml at the early stages oi enllurc man wondrM'ed abriut tile Ijc- 
t’inMin,i> ot time, about the end of tS*- world, about how surroiindini’ 
nature was eri'ated, about the ai^e ,oi the earth, the planets and the 
stars ;ind aliout how Itaiij; the sun would shine in ih(‘ sky. 

*\ceordine to ancient Persian let>iiids the world has existed only 
luj.ooo years. 

The* astroloj^ers ol Baliylon )\ ho told l(»riunes by the stars ]>eli(*vrrd 
tlie world was \er\ ()ld. that it was inortp th.m lw<; million years f)ld, 
while th(- Bibh’ taught it was only six thousand y< ars since the will 
ol (h>d had created the worlrl in six days and six nights. 

I'he i»reatesi minds continued studying lh<! probhan of time for many 
thousands ol years, and lh<‘ ancient legends and iantasi»-s ol'astrologers 
wert* gradually r('placed by exact mt'thods t>i estimating liic* ag(* ol 
our earth. 

d'he astronomer Cialileo was the first tf> attempt an estimate of the 
(‘arth’s age in 1^15: lie was followed b\ I .ord Kelvin in d'lie latter 

calculated the age ol the earth on tin* basis ol the theory of its cooling 
and arrived at a figure which a])peared enormous at the lime -forty 
million years. 



TJitMi gcoloj^ical luctliods cainr into ust*. In Sw il/.crlancl, Briiaiii, 
Sweden, Russia and America getjlogisls began estiiuating tin* time 
our earth recjuired to form the sedirnentarx- rocks wliit h ai'e over oii<' 
hundred kilometres thick. 

It appears that rivers annually carry awa\ at least lo million tons 
of suijstance which the*y erode from the* continents so that e\ ery ^fj^ooo 
years our continents lose a layer of earth on the average one metre: 
thick. 'J’hus, by gradually studying the activity i»l‘ \vat<*r and glaciers, 
the sediments on the earth and in the oceans and the striated glacial 
clays geologists hav^e come to the conclusion that 40 million years 
could not cover the history of the earth’s crust. In i H99 the British 
geophysicist Joly estimated the age of our earth at 300 million years. 

But these estimates did not sati.sfy either the physicists or the chemists 
or ev’cn the geologists themselves. 

The destruction of the continents did not .at all j>rocecd .as regularly 
as Joly believed. The periods of sedimentation were tblkjwed by stormx 
explosions of v’olcanocs, earthquakes and rises of mountain ranges. 
The sediments already accumulated were melted and eroded. 

Joly’s estimate did not satisfy the exact investigators who wanted 
to find a real timepiece to tell the time of the past, a reliable gauge 
to estimate the age of the earth’s crust. 

And then chemists and physicists came to take the place of the 
geologists. They, finallx , ibund a timepiece, a perpetual and eternal 
timepiece. This timepiece was not made Iw a skilled workman, it 
fias no springs to make it run and docs not need winding. This time¬ 
piece is the disintegrating atom of radioactive clcincMts. 

We have already learned in the preceding essay that the whole 
world is filled with disintegrating atoms and that the atoms of uranium 
and thorium, radiuin and polonium, actinium and many dozens 
of other elements l>reak up in the unnoticcaV^le bvit great process. 
This disintegration proceeds at a cf)nslant rate and, as before stated, 
cannot be accelerated or slowed down either by high temperatures 
of thou.sands of degrees or by the lowest temperatures approximating 
absolute zero, or yet by enormous pressures. No usual means can 
alter this definite and invariable process of disintegration of certain 
atoms w'hich takes place in nature. 

True, modern engineering has managed to find pow^erful means 
by wliich it is able to destroy and create atoms. But there are no such 
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conditions in nature and the invariable rate of disintegration of the 
heavv elements is maintained for millions and thousands of millions 
of' years. 

riie atoms of uranium, radium and thorium l)rcak up and certain 
amounts of atoms of helium and stable, lifeless atoms of lead arc simul- 
tan<*oiisly formed always and everywhere in the universe. I’liese two 
natural elements—helium and lead- havtr created a new timepiece. 
And now, for the first time in human history, it has become possible, 
to measure time In* a real world standard of an eternal character. 

What a striking picture which is at the same time so difficult of 
comprehension! Several hundred different atoms fill the universe 
with their complex electromagnetic systems. While radiating energy, 
th<*y cliange by leaps from one I'orm into another: some of the newly 
created systems are vial.>le and arc stublK>rnly preserved (the enor¬ 
mous length of the period of their transformations is, apj)arently, 
inaccessible to ns;: others exist thousands of millions of years slowly 
emitting energy and going thn.)ugh complex series of disintegration; 
'll! others live lor years, days or hours; others yet <‘xist seconds and 
(’\en fractions of' .seconds. 

(Obeying the laws which govern the transformation of atomic: systems 
the eh’ments fill nature, but time regulates their quantitative dispersion, 
time distributes them through the universe and creates the cornj)l(‘xity 
of life on our earth and in the universe. 

Universal ])r<K'(‘sse.s run slowly and eternally; the rapidly disintegrat¬ 
ing heavy at<jms die, others break up under the action of alpha particles, 
still r)ilier and stabler universal bricks arc created, and non-radio- 
aeiive elements, the end-produets of disintegration, gradually accu¬ 
mulate. 

It has already been established that elements stable against alplia 
rays prevail in the sun; 90 per cent of the earth’s surface consists of 
(‘l<-inents with an even number of electrons or a mirnljcr divisible 
l)y four, i. e., preci.sely the elements most stable again.st the destructive 
action of gamma rays and cosmic rays. The stablest of these, simply 
and densely built, form our inorganic world; the less stable (as potassium 
and rubidium) take part in the vital processes and by their disinte¬ 
gration help the (jrganisrns to fight for their lives. 'Uhe rapidly di.sin- 
tegrating elements (radon and radium) destroy this life by destroying 
themselves. In some stellar systems the process of disintegration is 



only tlcvcl()j;)ing, as is ihr case iji ihc ratluT iiiaturc system ol 0141 sun: 
in Ollier systems in stellar iK'hulae- it is onl\' begimiint»; in still 
otln'is in the dark (‘xtinijjnishecl Ixiclif's - - the ladiiiL^; processes ol 
disintegration are now lakini; place infinitely slowJ\'. ‘lime delerniinc^ 
the (“omjiosition, natiin* and comhination id' elemi'nis in lh<* course 
of (‘osinic historv. 


l^hxsicisls and ch<-mists ha\-c lii^ured out that 1,000 grains olHraniuni 
will N’ield i;-j grains ol lead and :> grains ol‘helium in 100 million \cars. 

In '^,000 million years the amount of lead will already re'ach 22;, 
grains, i.e., one (juart<'r of the* ui anium w ill change to lead, and ‘53 grams 
ol \<>latil<‘ Iieliuni will accumulate. But the process continues and in 
.|,ooo million years there will he ..[(K) grams of lead and f»o grams ol 


helium with only half, f)f)o grams, 
<>f die ])rimary uranium nmiaining. 

f.et us go on with our ic'asoning: 
l('l us tak<‘ 100,000 million years 
rather than (inly 4,000 million: 
liy that time most ol' the uranium 
w ill disintegrate and change to lead 
and helium, d'ficre will lie hardly 
any uianium hdt on earth: heavy 
atoms of lead will fie dispersi'd every¬ 
where in nature Instead and tin' 
atiiuisjiliert* will he ('uricln'd by 
helium, the gas of the sun. 

And so on tin' liasis of these 
data geochemisls and geophysicists 
hav(‘ recently drawn uji an absolute 
ehronolog'ical scale of the geological 
evolution of the earth. 

This new' timepiece tells us that 
tlte age of our planet probaiily 
exceeds 3 to 4 thou.sand million 
years, i.e., 4 to .j. thousand million 
years imist have elapsed siiiee the 
moment in rc>sniic hi.siory when 
the j>lanets of our solar s\>?em in¬ 
cluding the earth were formed. 
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Morr than 2,oof) million years separate ns from the appearance 
<il’ tli<' t'arth's hard crust, this second most important moment in the 
history r>r the earth, the heiyinnin^ of its ^eoloi^ical history. At least 
i,<H)o million years has ]>assed since the bct^innini^ t)f life. The famous 
C’amhrian blue cla\' Ibiind in the environs ol I-.cningrad began to be 
de]>(isited al^oiit "^oo million years ago. 



“'1 imcpiccc ’ measuring the atic the earth. If wc take 
the duration of the earth’s history from the be^inniiip (}( 
the m<»st aneient archaic era to ovtr tlays as 24 hours ai^d 
t.<»rrespf>ndinply reduce the duration of all eras e.stiinaretJ 
!•>> the radioactive pr<»ccss, our timepiece will show 
seventeen hours ff)r the pre-Cambrian era. four hours 
frir (he Palco/aiic era, twt* htiurs for the Mcsfjy.oic era 
and hmjr for the Cainozoic era. Man appears (inly five 
minutes before midnit'ht 

Inuring the first epoch, i.c., three-fourths of the tmtirc geological 
history ol' the earth, molten ma.sses repeatedly broke out of the interior 
to tlie surface and disturbed the calm of the first, still thin, but hard 
shell of the earth. 'J'he iiKilien masses poured out on to its surface. 



impregnated it with their hot breath and solutions, bent and lifted 
it in the form of mountains. Our geochemists and geologists have 
already found the oldest mountain ranges on earth (Belomorids in 
Karelia and the oldest granites in the state of Manitoba, Canada), 
'rhese ranges are about 1,700,000,000 years old.* 

'r’}u*n the long history of th(‘ development of the organic world 
began. I'lie diagram on page 86 shows the duration of each geological 
ej)o(;h. 

About f/)o million years ago the mighty ranges of Caledonia rose 
in tlie nortli of hLuropc; the ranges of the Urals and 'Vien Shan were 
formed 200 to 300 million years ago; the formation of the Alps lasted 
about 23 to 30 million yt‘ars, while the last paroxysms of the Caucasian 
volcanoes were being extinguislied and the mountain peaks of the 
Himalayas were rising. 

riien caiiK' jjrehistoric time; the glacial epochs ]>egan one million 
years ago; the first man appeared Boo,000 years ago; the last glacial 
rj)orh (aided 25,000 years ago; the Egyptian and Babylonian cultures 
began 10,000 to 8,000 years ago; hwr chronology started 1,958 yaws 
ag<). 

It will lie many more )'ears liefore scientists accurately verify their 
remarkable tiinejiiece. But th(‘ nu^thod has b('(*n found. One of the 
riddh's ol lime lias been solved and there can be no dou))t*lhat the 
( hernist will soon be able to U'll the age of each individual sample 
ol* sloiu\ will be able to det(Tmine the lime that has ('lapsed since 
it was formed. 

Mr. Chemist, we no longt-r believe your atoms are invariable; 
everything is fluid, everything changes, everything disintegrates and 
is recr('al(‘d, one thing dic's and another comes into being; such is 
the history of the world’s chemical processes in tim('. But man has 
IxTii able to transform even the di'ath of the atom into an instrument 
of cognizing the world and into a standard measure of time, 

* Som(' .American authors estimate the age of the Manitoba granites at 
3,100 million years, but Soviet seientisls consider these figun's <*xaggeraled. AV/. 
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SIIJCON -BASIS OF THE EARTH’S CRUST 


One of Zhukovsky’s Ijallads tells ns about a Ibrricrnrr who came 
to Amsterdam and to his questions about who c>wned the stores, the 
houses, tlie ships and the lands received the invariable answer: “AV?;! 
Jiiet vvrstaany “How rich he must be,” the foreigner thought envying 
the man, unawares that in Dutch these words meant “I cannot under-* 
stand.” 

I recall this story whenever I am told about cpiartz. I am show’n 
most tliverse olijects: a transparent spliere glittering in the sun with 
the clearness of cold sf)ring water, a l)eautil'ul agate ol’ a variegated 






palU-rn, a multi-coloured sparkling opal, pure sand on the seashore, 
a thread of molten quartz as thin as a silk iibre, or hreprool' pottery 
made of the same quartz, Ijeavitifully i’aceted piles of rock crystal, a 
niystcriotis pattern of fantastic jasper, a petrified tree turned into 
Hint, a crudely formed arrow-head of prirnitixe man: and wliatever 
rny question I am told: all this is made ol'quartz or of iniiic'rals with 
a very similar composition. It is all the same chemical compound 
of silicon and oxygen. 

Si is the syinhol for silicon, the second most ahundani element in 
nature (()xygen is the first). It never occurs in the fret* state; it always 
forms a conipoimd with oxygen —SiO^, wliich is known as silica, 
or silicon dio.xide. 


SILICON AND SILICA 

Granite contains about 8o per cent silica (jr 40 per c:c'nt silicon. 
Most hard rocks are built of its compounds, rhe porphyry o(' the 
inausoleurn in Red Sejuare, the beautilul granit<*s in the nwetinent 
of the Mo.skva Hotel and the dark-blue sparkling labiadorile lacing 
the ground floor of some houses in D/.er/liinsky Street in Moscow, 
in a \^'ord, all the hard and strong rock of the earth is composed of 
more than one-third silicon. 

Silicon is the chief constituent of ordinary clay. The common sand 
found on river banks, the sandstones and shales are essentially also 
silicon. No wonder, therefore, that about 30 per cent by weight of 
the entire earth’s crust consists of this element and that down to 
the depth of 16 kilometres abt>ut 65 per cent of the crust is formed 
of its main compound with oxygen which chemists call silica or 
SiO^ and which we most frecpiently refer to as quartz. We know 
more than two hundred different varieties cT natural silica, while 
mineralogists and geologists use more than one hundred different 
names when enumerating various kinds of this most important 
mineral. 

We speak of siliccjn dioxide when we name flint, quartz, rock crystal 
and mean the same w'hen we admire the beauty of violet amethyst, 
of variegated opal or red sard, black onyx or grey chalcedony; it aLso 
includes the beautiful varieties of jasper, whetstone and ordinary 
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sand. Mt)st diverse niiines arc given 
to the indi\'idual N-^arictics and it prob¬ 
ably rccpiircs a whole science tcj make 
out the compounds of this remarkable 
element. 

Hilt in nature we even encounter 
many more compounds in which our 
silica is combined with oxides of 
other metals and, thus, gives rise to 
thou.sands of' new mineral varieties 
called silicates. 

Man makes use of these in his con¬ 
struction and in general economy; tlie 
mi)st important of them are clays and 
feldspars used in the manufacture of 
various kinds of glass, porcelain and 
pottery; they arc used in the produc¬ 
tion of window-panes, cut-glass and 
ctincrete, which is as strt>ng as armour 
and which forms on<! of the chief 
materials in the construction of high¬ 
ways, bridges and reinforced concrete flooring and roofing of plants 
and factories, theatres, houses, etc. 

Is there anything in the world that can compare in strength and 
div'ersity of its properties with silicon and its compounds in the hands 
of man? 



pillar iiicliv uiual sii uc- 
tures of volcanic rock—basalt. 
Kovno Rcjuirin, L-krainian S.S.R. 


SILICON IN ANIMALS AND PLANTS 

But even long before ingenious man learned to use silicon dioxide 
for his needs nature had made extcn.sive use of it in the life of plants 
and animals. Wherev^er it was necessary to build a strong stalk or a 
firm straw of an car the content of silica increased, and we know^ what 
a great deal of it is contained in the ash of ordinarv’ straw and especially 
in the strong stems of such plants as horse-tail which grew in the distant 
geological carhoniferf>iis eporlis rising from marshy lowlands for dozens 
of metres like the bamboo tubes rich in silica now rise in the gardens 
of Sukhumi and Batumi. In these plants nature was able to. combine 
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the law of mechanical strength with 
the strength of the material itself. 

But the strength of the stem is of' 
enormous practical importance not 
only to the ears of cereals, which it 
prevents from failing under the blows 
of wind or rain, but also to other 
plants. 

Flowers and decorative* plants are 
transported b\' j^lanes every day: in 
ord(*r to prevent the flr)wers from 
crumpling and to keep their sterns 
intact it is necessary to add readiK' 
soluble silic(.)M salts to their soil. 
'The plants absorl) silica with water 
and their sK'ins grow strong and 
dura bit*. 

But it is not only the sterns that 
need the strength of silicon and 
its coni[)ounds. 'The minutest plants, 
diatomace«>us S(‘a weeds build their 
skel(*tons frt>m silica, and we now 
know that one cubic centimelrt* of rock 
formed from the testae of thest* seaweeds 
recjuires abf)ut 5,000,000 ol'these small 
organisms. Particularly remarkable are 
the structures in which silica is used by 
animals to build their skeletons. 
Animals found various solutions for 
the problem of strength in the dilTerent epochs of the develofuncnt 
of life. In some cases they jjrotccted ih(*ir bodies with an ex¬ 
ternal calcareous shell; in others they built this shell from calcium 
phosphate; in still other cases a hard skeleton instead of the shell 
formed the foundation of the animal, this skeleton being made 
of most div^erse but strong materials. Sometimes these were 
calcium pliosj^hates like the substance of' which our bones are 
built; s(jmetirncs they were fine, delicate needles of' barium and 
strontiuna sulphates; finally, some groups of animals made use of 



Kadiolaria. Pscuciopodia of the liv¬ 
ing tL-ll proiruJf from the openings 
in the eletranr llint skelcom 
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Mint skeleton of a sponge about 50 cm. lon^ 


Strong silica of which they built their structures. Thus, the faniilics 
of radiolarians constructed their delicate skeletons from fine silicious 
needles. 

Some sponges also form their hard parts from silicious ne(!dles - 
spiculae. 

Nature contrives to use silica in hundreds of clifTcrent ways to give 
the .soft, changeable c<‘lls firm support. 


WHY ARE SILICIOUS COMPOUNDS SO STRONG? 

Our .scientists have been trying for some time to solve the riddle 
of the remarkable strength that silicon imparts to the skeletons of 
animals and plants, to thousands of minerals and rocks, and to the 
finest industrial commodities. 

And w^hen the eyes of our roentgenologists pt*nelrated into the 
interior of silicious compounds they beheld remarkalde pictures that 
rev-^ealed the reason for their strength and the riddle of their struc¬ 
ture. 

It appears that silicon contained in them is in the form of charged 
atoms—ions 0.000,000,004 cm. in size. These small charged globules 
are tinitcd with similar but larger charged globules of oxygen. A 
a result, four globules of oxygen, touching each other, very closely 
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arrange themselves around each 
of these silicon globules and form 
a special geometrical figure which 
we call a tetrahedron. 

The tetrahedrons coml)ine with 
each other according to difTerent 
laws and give rise to large and 
complex structures which it is hard 
to compress or bend and in which 
it is uncommonly difficult to break 
an atom of oxygen away from the 
central atom of silicon. 

Modern science has found that 
th rs(‘ tetrahedrons may form thou¬ 
sands of combinations. 

Other charged particles some- 
liiiKs arrange themselves anu)ng 
th(‘m; ill some cases our tetrahe¬ 
drons combine into separate bands or films 1‘orniing clays and talcs, 
but combinations of tetrahedrons are always the basis of their 
structures. 

x\nci as carbon and hydrogen form lumdreds of thousands of different 
compounds in organic chemistry, silicon and oxygen form thousands 
of structures in inorganic chemistry; the complexity (jf these structures 
has been revealed by X-rays. 

Silica is not only difficult to destroy mechanically; it is not only 
so hard that a sliarp sled knife cannot cut into tlic compound, 
but it is also stable chemically because not a single acid except 
hydrofluc^ric acid can destroy or dissolve' it and only a very strong 
alkali dissolves silica* transforming it into new compounds. It is very 
hard to melt and begins to pass into the Ikpiid state only at i ,600 to 
1,700" C. 

No wonder, therefore, that silicon and its various compounds form 
the basis of inorganic chemistry. In eiur time a whole science of chem- 



* Silica is easily fused with soda; in this case th<* earboii dioxide* of tin* 
.s(xia is verv violently liberated and a transjiare*nt glejbule <if sodium silicate*, 
which dissolve’s in water, is feirme-d. This is why we* call it soluble* uflass. 



istry of silicon has come into being, and the paths of geology, 
mineralogy, engineering and construction are interlaced with the 
history of this element at each step. 

HISTORY OF SILICON IN THE EARTH’S CRUST 

Let us now take several examples in order to trace the fate of silicon 
in the earth’s crust. With metals it forms the basis of the molten magma 
in the interior of the earth’s crust. When this molten magma hardens 
in the interior forming crystalline rock—granites and gabbro, or pours 
out to the surface in the form of lava streams, basalt and other rock, 
complicated compounds of silicon, called silicates, are formed. If there 
is a surplus of silicon pure quartz makes its appearance. 

Here they arc, the short crystals of quartz in granite porphyries 
or the dense smoky crystals in pegmatite veins, the last remnants of 
the melts of the earth’s interior. If you carefully bake a piece of this 
“smoky topaz/’* in bread r>r heat it to 300 or 4fK)' C’. you w'ill get 
“golden topaz” with which you can make a bead or a brooch. 

Here arc quartz veins with white compact quartz. Wc know that 
some of them are hundreds of kilometres long. Immense quartz veins 
stand out like beacons on the slopes of the Urals. Veins with cavities 
filled with transparent rock crystal stretch for many hundreds of kilo¬ 
metres here. T hese are the pure transparent varieties of quartz de¬ 
scribed by tlie Greek philosopher Aristotle who gave them the name 
“crystal” and who connected the origin of rock crystal with petri¬ 
fied ice. This is the rock crystal which as far back as the i 7th century 
was mined in the natural “cellars” of the Swass Alps with individ¬ 
ual cavities yielding up to 500 tons, i.c., up to 30 carloads, of rock 
crystal. 

Individual crystals are sometimes enormously large. A crystal of 
rock crystal 8 metres in circumference was found on Madagascar. 
The Japanese turned an immense sphere more than one metre in 
diameter and weighing nearly 1.5 tons from Burmese transparent 
rock crvstal. 

* The name docs not quite fit since in composition ‘"smoky topaz” is 
merely a quartz (SiO.,) and not a real topaz whose composition is more 
complex; it includes silicon, aluminium and fluorine with oxygen—Al2h2(^1^4)* 
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Remains of quart/ veins prcscrvctl 
as the most durable parts of the 
earth's crust during weathering. 
Height }o metres 


Another type of silica, which exter¬ 
nally in no Wciy resembles the variety 
we hav'c just (lisciisscci, is precipitated 
from molten lava when hot silica¬ 
laden steams deposit immense masses 
of silicious nodules and geodes in 
separate veins or gas cavities. And 
as the rock disintegrates into clay 
gruss enornK)US balls uj) to one metre 
in diameter roll, as it were, out 
of it. 

In the State of Oregon (U.S.A.) 
they are known by the name of 
‘“giant eggs.” They are broken up into 
pieces and then sawed up into tliin 
plates to produce be.iutil'ul laminated 
agates, i.e., raw material for the 
“rubies” of watches and other pre¬ 
cision instruments, lor the knife-edges 
of balances and for mortars used in 


chemical laboratories. Iacu after the 
cessation of volcanic activity, silica is sometimes brought out to the earth’s 
surface by hot springs due to the presence of cooling (‘xtruded masses. 
Such, for example, is the origin of the “base opal” deposited 
by geysers in Iceland and in ^’ellowstonc National Park in the 
U.S.A. 


Let us take a look at the siunv-white .sands of the dunes on the coast 
of the Baltic and of the northern .seas and at the millions of scpiare 
kilometres of sandy deserts in Central Asia and Kazakhstan; it is sand 
that determines the nature of sea coasts and deserts: c|uartz sand 
now with a red film of ferric oxide, now with a prevalence* of black 
flint and now pure white, cleaned by the sea-waves. 

And here are fancy wares made of rock crystal. With the aid of 
various scrapers and emery powder a skilful Chinese craftsman has 
made fantastic articles from quartz crystals. 

Wonder how many decades he spent on turning this little vase or 
on making this monstrous dragon, or on hollowing out this little bottle 
for rose oil? 
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Deposits of fjcyscritc ■■ base opal- form tei raccs of si)ici(»us tuff 


'I’licrt* is an ai^aie plait* dyed difrereni colours. Ingenious man has 
learned to impregnate it with difl'erent solutions, thus changing tlic 
gre\', unattractive agate intt> hriglitJy etiJoured jjlates t<i he used in 
the nianiifacture ol” xitritjus wiires. 

lint here vve see even nitire \\ ondeil'ul jiictures: entire petrified 
j'orests in AriztJiia, stone tree-trunks ol'pure silica agate in the Western 
regions of the Ukraine and amid the Permian deposits on the Western 
sltjpes of the South Urals. 

Here is a sparkling sttjiic resembling the light in a eat\s or a tiger's 
e\'e. Here we ha\’e m\'sterious cry stals inside wliieh vve see, “]>hantom- 
like.*,” what appears to he other crystals of the same quartz. And here 
reddish-x'dlow sharp needles “C'upi<J’s Arrows"—of the mineral 

rutile pierce rock crystal in every direction. Here is golden fell- 

“Wnus’ Hair.” Here we see a remarkable stone with a cavity inside 
nearly completely filled with wat<*r. ^'he water jjlays and sparkles 
inside the silicious shell. 
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Sea sand of fine crystalline grains 
of quarts. The purest sand is used 
for the manufaciure of quartz 
glass 


Here we have an int'redil>ly tor¬ 
tuous tube, a result of the action of 
lightning on quartz sand, alloyed ful¬ 
gurites, “arrows from the sky” or 
“thunderbolts” as the people call 
them. And there are stones from the 
sky. Singular meteorites ol' gr<‘en or 
brown glass rich in silica are found 
in various sections of the vast zone 
which stretches across Australia, Indo- 
China and the Philippines. 

To think oi' the controversies these 
mysterious formations gav^e rise to! 
Some thought these were remains of 
molten glass of ancient man; others 
believed them to be molten particles 
of terrestrial dust; still others con¬ 


sidered them to be products of sands 
which melted when masses of meteor iron fell into them; but most 
scientists are inclined to believe they are real particles from other 
worlds. 


FLINT AND QUARTZ IN THE HISTORY OF CULTURE 
AND ENGINEERING 

In the preceding pages I tried to paint Ibr the reader a picture of 
the complex history f)f quartz, silica and their varieties. From the 
hot molten materials to the cold surface of the earth, from the cosmic 
regions to the sand that is strewn on our icy sidewalks, we encounter 
silicon and silica everywhere; we find quartz all over as one of the 
most remarkable and most abundant minerals in the world. 

I could finish my story of quartz right here, but I want to tell you 
about the tremendous importance of quartz in the history of culture 
and engineering. It is no mere acc;ident that primitive man made 
his first tools from flint or jasper. It is not without reason that the 
earliest decorations in the ancient Egyptian structures and in the 
remains of the Shumerian Culture in Mesopotamia were made pre- 
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cisely from quartz. It is not in vain that as early as 12 centuries B. C. 
the peoples of the East learned to melt sand with soda and produce 
glass. 

Rock crystal found most extensive application with the Persians, 
Arabs, Indians and Egyptians, and we have information that quartz 
was processed five and a half thousand years before our time. For 
many centuries the ancit'iit (Greeks believed rock crystal to be petrified 
ice turned into stone l)y divine providence. 

Many fantastic slorif's arc' cciunected with this stone*. Enormous 
importance was attached to it in biblical legends. In the construction 
of Solomon’s 'I'emple in J(‘nisalem this mineral pla\c‘d a very im¬ 
portant part under dilferent names: agate, amethyst, chalcedony, 
onyx, sard, etc . 

"I'he first industry for procc'ssing this stone was organized in the 
middle of the if)th century. Man learned to cut, grind, colour and 
widely utilize it (or dc‘C!oraiive purposes. But this was all individual 
attempts of handicraftsmen and was not done on a mass .scale until 
the new' engineering made greater demands on it. Rock crystal is 
nenv extensively u.sed in industry and in radio-engineering wh(*re 
supersonic waves arc picked up and transformed into electric oscilla- 



Crystal chandeliers at the State Philharmonic Society in I-cningrad 
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lions ]jy means of piezo¬ 
quartz plates. Rock crystal 
lias become <ine of the 
most important forms of 
raw material for our in¬ 
dustry. 

In addition to the flute 
turned from rock crystal 
(\"ieniia Art Nfuseum) and 
the transparent samovar 
Armoury Museum in Mos¬ 
cow) we nf)w have small 
quartz plates f(»r the radio; 
these small plates arc re- 
sponsilile for the success of 
one of the greatest dis¬ 
coveries of man—long¬ 
distance transmission ()f 
electromagnetic waves. 

But quartz, i.(‘., pure 

rock ervstal, will soon be 
r-:vcr,-.hi„« i„ tim picture is mndc of quartz gins Ovstals 

of this mineral small pure 
plates lor the radio and, 
maybe, for our window-panes and crockery will be grown on fine 
silver wire at a high temperature and under great pressure in large 
airtight vessels filled with liquid glass. 

Then the life-giving ultra-violet rays ol’ the sun, retained by ordinary 
window-jianes, ^^iIl fill our rooms. We shall have crockery made of 
molten quartz and shall be able to dip in cold water quartz cups, 
iK'aied on a sio\e, without any misgiving. 

\fost delicate fabrics will Ih* woven from very fine quartz threads, 
so line in fact tliat five liundred of them put together will be no thicker 
than a match stick; and silica will be* the material not only for linilding 
the skeletf)ns of the minutest radiolarians, but also for the clotlies 
of man. 

Rock crystal has become the basis of new engineering; not only 
the geochemist uses it as a thermometer for taking the tem|)erature 
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ol' the terrestrial processes,* and not only the physicist determines 
the length of electromagnetic waves with the aid of quartz; quartz 
offers new and tempting prospects in various branches of industry 
and will soon form part and parcel f)f our da\-to-day life. 

The more persistently clieinists and physicists master the atoms 
of silicon the sooner they will write one of the most remarkable pages 
in the history ol science and engineering, as well as in the history of 
the earth itself. 


* If rock crystal crystallizes at a temperature above f)7it forms crystals 
of a special appearance, i.e.. hexagonal dipyramids. If it forms from solutions 
at temperatures below the shaj)e of its crystals is different: the crystals 

are elongated in the form of h(‘xagonal prisms. f’/A 



CARBON—BASIS OF ALL LIFE 


"1 6 
“fejDIOl 


Is there anyone who has never seen a precious iridescent diamond, 
or grey graphite, or ordinary black coal j* All these are only din'erent 
forms in which the same element - carbon is ibund in nature. 

There is relatively little carbon on earth; its amount constitutes 
one per cent of the weight of the earth’s c rust, but it plays an enor¬ 
mous role in the chemistry of the earth: without it life would be im- 
pcxssible. 

'I’he total amount of carbon in the* earth’s crust is 4,584,200,000 
million tons. Carbon is distributed through the earili's crust as 
follows: 


In living substanc'c . 

In soils. 

In peat . 

In brown coal. 

In coal. 

In anthracite. 

In sedimentary rocks 


700,000 million tons 
400,000 million ions 
1.200,000 million tons 
2,100,000 million tons 
200,000 million tons 
600.000 million tons 
4, ",76,000,000 million tons 


Wc must add to this 2,200,000 million tons in the atmcLsphere and 
184,000,000 million tons in the water of the oceans. 

Let us look into the history of carbon, the clement of which living 
matter is built and which is studied by a special branch of chemistry. 
A good deal of its migration through the earth’s crust is still mysterious 
and vague. 

At the earliest stages of its existence accessible to our research w'c 
encounter this element in molten magmas. It forms part of different 
rocks w'hich havx hardened in the interior and in the veins of molten 
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Vc£»ciati«>n of the Carbtiniferous period, from which coal was formed 


mas.st\s now in the I'orm ol' little leaves or gkiljular eliisters f)J’ graphite 
aiul now in the .shajjc of er\stals of precious dianii>nds. But the most 
of the carlxni esca|)es the hardening massifs; it rises along veins 
as volatile hydrocarbons and carbides and j)rodures accumulations 
ol' graphite (lor examj)le, on Cleylon) or combines with oxygen 
and rushes upward in the form of carbtai dioxide. 

We know that in the interior the omnipotent silicon dioxide j)revenis 
this gas Iroin rorining salts; as a matter of fact we do not know a single 
more or less important mineral containing carbf)n dioxide in igneous 
rock. But the same rocks retain it iiiecliaiiically in their cavities (just 
as they retained solutions of chlorine salts), and these g«ns inclusions 
accumulate 5 to 6 limes as inueh carbon dioxide as we have in our 
atmosphere. 

In the regions of volcanoes, not only active but already long extinct, 
this gas broke out into the atmosphere as early as the tertiary 
period, now collecting in separate gas streams together with 
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otiicr volatile* com|X)\uKls and 
now mixing with water and 
forming narsans (mineral 
waters), 

Man has made use of tliese 
waters for therapeutic pur¬ 
poses and has built sanatoria 
and liydro|)athir establish¬ 
ments near them, for exam- 
|)lc, in th(‘ CCaucasus. The 
water in them is so over- 
saturated with carbon dioxide 
that tile bubbles constantly 
rising to the surface create 
the impression that the water 
is boiling. 

If you visit the Urals, however, you will not find any such warm 
carbon dioxide springs. (ieoc hemistry ex|)lains this difTerence in the 
composition of the \vat<Ts of the Urals and the ( laucasus by the fact 
that the Urals arose much earlier than the (iaucasian Mountains 
and the und(‘rgr<jund rocks had already cooled here during the jie- 
riod of mountain Ibnnalion. 

But in llu* Uaiu asus a focus of heat has been retained deep under 
the mountains. 'Hu' rocks locaK'd near this focus and containing carbon 
dioxide chalk and jiinesionesi partly decoinjiose under the influence 
of the heal and liberate gasecnis 
carbon dioxide. This carbon 
dioxide rises along cracks to the 
surface together with the min¬ 
eralized water. 

We know cases when the 
underground streams of carljon 
dioxide are so jiowerful and are 
ejected under such high pressure 
that owing to their eva|)oration 
a fog and ‘‘snow” are formed 
of the* solid carbon dioxide near 
the |)oinis of their exit on the 



Stellate crystals of graphite in igneous rock. 
Ilmen Mountains in the South Urals 



Top; cliarnoiul anti firaphire consist of carbon 
atoms but the at<irns arranj^e themselves in 
these miner.als Jilfcrcntlv. In the ciiamoiul 
risht) each atom is suiTouniieJ ccjuiclisiantly 
by four atoms of carbon (tcti ahedronsT In 
.craphite the atoms are arrarmed in layers; 
the atomic hontls between the lasers are sscak 



.surface of the earth. This solid carbon dioxide from the natural 
streams is used for technical purposes as dry ice. 

'rherc were periods in the history of the earth’s crust when increased 
volcanic activity extruded tremendous amounts of carbon dioxide 
into the atmosphere; there* were, also times when Inxuriant tropical 
vesfctation returned a lot of carbon to its native state. 'Hie role of 
man with his industrial activity pales Ixdbre these, processes. 

Ihiormous amounts of carbon dioxich* ar(‘ now thrown r)ut b\' active 
volcanoes, for example, \\\suvius, fhiia, Katmai in Alaska, etc. The 
gases ejected by volcanoes c.onsisl mainly of carbon dioxide. 

C’arbcjnic acid begins its destructive action on the surface of the 
earth as a powerful factor f>l' cliernicai transforinalions; unlike the 
interior here it is c:arb(mic and not silicic acid that is master of the 
situation; it destroys igneous rock, extracts metals, combines with 
calcium and magnesiuin accumulaling in the form of limestones and 
dolomites; its salts collect in writer basins in immense amounts, and 
it is from these .salts that (organisms make their .sh(‘lls and corals 
build their mighty structures. 

We cannot sufficiently apjireciale llu* significatice of' lliese slow 
transformations ol' carbon on the earth’s surface since iliey not only 
influence the climate on the surrac<‘, but also dt iermine the changes 
in the development of the entire organic world. 

Just imagine lor a second whai tin* earth would look like without 
carbon. It means there would not Inr a single tree, or green leaf or 
blade of gra.ss. Nor w'ould iliere be any animals. Only ])are clifTs of 
various rocks would jut out amid the lifeless sands and silent deserts 
of the earth, 'rhere would be no marble and no limestones w^hich 
decorate our landsca])es with their while colour, rhere would be 
neither coal nor oil. Without < ai boii di<jxidc the c limate of the earth 
would be more severe and colder since the carbon dioxide in the atmos¬ 
phere promotes absor})tioii of the luminous etiergy ol the sun. 

The waters, too, would be lirel<\ss. 

The chemical jjroperties of carbon arc very peculiar. It is the only 
clement that yields an unlimited number of compounds with oxygen, 
hydrogen, nitrogen and other chemical el<‘mcnts. \lany ol these carlK)ii 
or organic compounds themselvc's constitute various complex |)roteins, 
fats, carbohydrates, vitamins and many other compounds which 
form part of the tissues and cells of living organisms. 
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Geochemical cycle of carbon 


The very name ‘‘organic rorn|x>unds” indicates that man learned 
about carbon compounds wiien he began isolating them from the 
tissues of plants and animals as, for exaniph*, sugar and starch, later 
learning to produce many artilicial compounds. ’I'oday organic chem¬ 
istry which studies carbon and its compounds, their synthesis and 
analysis, numbers more than one million organic compounds. We 
may point out for comparison that our laboratories produce more 
llian 30,000 inorganic compounds and that then: are less than 3,000 
natural inorganic compounds or minerals. 

There arc so many organic cf>ni]>ouiids that \vc ha\e to giv’<^ 
them ever longer and more c<impli<aled names; ibr example, acrichin, 
the well-known medicine for malaria, has the following full name 
“methoxychlorodiethylaminomethylbutylaminoacrichin.’’ 

The capacity of carbon to yield numerous crjinpoimds is resptmsible 
f(jr the wealth and diversity of species of plants and animals of 
which there are at least several million. 

But this does not mean that carbon Ibrrns the main mass in the 
living organisms, or living substance, as we say in geochemistry, 'rhey 
only contain 10 per cent carlxjn; lliey are composed mainly of water 
(up to 80 per cent), the rest being other chemical elements. 

Owing to the ability of organisms to nourish, develop and reproduce 
themselves, enormous masses of carbon pass through living subslance 
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in the process ol life. \ ou must have seen many times iiow a pond 
bcjcj^ins to l)e overgrown with a green fiJin of seaweeds and other plants 
on the surface in the spring, how these plants fully mature in the summer 
and how they grow brown and settle to the l)ottoin in the autumn 
forming ground silt rich in organic matter. They servt‘ as the source, 
as we shall see later, of coals and vegetable silts -‘‘sapropels’' from 
which synthetic benzine- can be obtained. 

Animals give off a lot of ciirbon dioxide during respiration. 

Thus, lor e‘xamj)lc, the surface of all pulmonary alveoli in man 
constitutes aliout 50 square metres, and in 24 hours man expires an 
average ol 1.3 kilograms oi c arbon dioxide. 

All oJ mankind annually c^xpires about 1,000 million tons of carbon 
dioxide intcj the atmosphere of the c'arih. 

Tinally, there is an even grc'ater reserve of liound carbon dioxide 
underground in the form of limestones, chalk, in«uble and other 
minerals, forming lasc'rs hundreds and even thousands ol' metres 
thick. If we could return the entire amount of carbon dioxide 
hound up in them as calcium ciirbonatc and magne-sium carbonate 
to the atmosphere the air would contain 25,000 times as mud 
carbcjn dioxide. 

The carbon dioxide c^f the atmosphere partly dissolve's in the watci 
of the world ocean. From the* air and the water carbon dioxide is 

absorbed by plants. As the amount of carbon dioxide in the? water 

of the ocean decreases new quantities of it come from the air. The 
vast surface of the oc:ean acts as a great puni]) absorbing and aspirating 
carbon dio.xide. 

Plants are the first to draw carbon dioxide into the cycle of 
living substance. The leaves of green plants capture carbon dioxide 
in the light and transform it into complex organic compounds. 
This process is called photosynthesis and involves light and chlorophyll, 
the green substance of plants. The enormous importance of photo¬ 
synthesis in nature was first established and studied in detail by 

the Russian scientist Kliment Timiryazev. In the course of a year 

large amounts of atmospheric carbon dioxide go through the plants. 
But this shortage of carbon dioxide in the atmosphere is continuously 
replenished by the liberation of carbon dioxide from water reservoirs 
and animal organisms. 

Enormous masses of organic substance—tissues of plants—are formed 
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as a n'sull of photosynthfsis. Plants 
scrvf as food for animals thus 
onsiirinii thrir exislcncr and dt*v(*lo[)- 
nuait. If \vv add to this that oils 
and coals arc formed from dead 
ort*anisiiis it will become clear how 
important the absorption of carbon 
dioxide by ])lants is to geochemistry, 
rhere is luj reaction more impor¬ 
tant in its jt^eocliemieal effect than 
the reaction of phoHjsyruliesis in 
Open c.ist mining of brown coal plants. 

As previously stated, the carbon 
cvclc does not end with the formation of organic compounds 

from carbon dioxide in plants and later in animals. Organisms 

die, I’heir bodies and tissues accumulate in large amounts in 

the form of deposits on the liottfjins of ponds, lakes and seas and 
as deposits of peat. 7 'hcse remains of organisms are su])ieeted to 
the action oi' water, processes f)f fermentation and putrefaction. 

Bacteria sharply alter the composition oi' the tissues of the organisms. 
Cellulose, the lignin of plants, persists most stubbornly. 

The organic remains are covered uj) by a hea\'\' layer of sand 
and clay. 

Tlirn under the influence of lieat, pressure and complex chemical 
processes coal or oil gradually begin to be formed depending on th(‘ 
nature of these remains and the conditions for their preservation. 

The solid organic carbon which arises as a result of the process of 
plant decomposition occurs in three forms: anthracite, coal and lignite. 

Anthracite is the richest in carbon. Studies under the microscope 
confirm the vegetable origin of coal and lignite. These coals are schistous, 
and imprints of leaves, spores and seeds can be observed i)etween 
the layers even with the naked eye. Each y)iccc of coal is part of the 
carbon at one time absorbed by a cell of a plant as carbon dioxide 
with the aid of the energy of solar rays and chlorophyll. 

“A captured solar ray” is the wtiv coal is referred to. As a matter 
of fact, each small piece of coal has retained the solar ray captured 
by the plant and first transformed into complex vegetable tissue and 
then changed in the process of slow decomposition. It heats the boil- 
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crs of mills, factories and scagoini^ ships; its energy drives gigantic 
machinery and its oviiput determines the immense dev'elopment of 
modern industry. 

'1 he annual i>roduction of <:< 3 a! is t'xjjressed by the enormous figure 
of more than i ,000 million tons which ]>y far exeee*ds the output of 
any other mineral. In known coal reserves tlu' U.S.S.R. holds second 
place in thcr world, but with the growth of the country’s industry these 
enormous reserv'es will only last i'rom 100 to 200 years. 

VVe must explore the interior of* our earth in order It) increase' the 
real reserves ol* this valuable su)>stance. But ct)al yields not only ht'at. 
Man extracts from it valuable products which have laid the basis 
for the chemical industry of coal. From ordinarx* coal man has learned 
to produf:e aniline d\’cs, aspirin and streptocide. 

While coal was formed mainly from plant cells and tissues, such 
a liquid organic substance as oil was formed from other protozoa 
and their spores; hence, this licpiid I'uel, which is even mort^ valual>U* 
llian coal, is also a sort oi* ‘"captured solar ray.” Modern last ships, 
planes and automol)ile transport can exist oni\’ on oil purified and 
refined iiiltj pure grades of gasoline. Man has learned to produce 
artificial benzine from certain grades of* coal, but there is not 
v^ery much coal fit for this purpose, the \icld of liquid products 
is low and the quality of artificial gasoline is lower. In quest of oil 
man drills wells more than four kilometres deep and extracts this 
v^aluable liquid, the “black blood of the earth,” from the earth’s 
entrails. 

The well, through which oil is 
extracted, operates for several years. 

Complex structures—derricks 37 to 
43 metres tall —are put up on the 
surface. The forest of oil derricks 
looks very effective from afar. 

One can see such oilfields in the 
Caucasus on the western slopes of 
the Urals (Bashkiria), in Central 
Asia and on Sakhalin. Thtre are 
also considerable oil dejjosits in 
Iran, Mesopotamia and in other 
countries. 
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Thus, this element comes IVom the interior to the surlace again; 
this time it is brought out b\' man himseir; and in the continuous 
struggle for existence, lor the possession of the natural energy reserves, 
man annually burns more than 700 millic^n tons of coal. 

In order to get heat man changes everything into carbon dioxide 
and water again. 

Agents of differenl orders and different significance, thus, struggle 
with each other now oxidizing carbon and now reducing it to its 
nalivT state. 

But, as previously stated, in addition to coal there arc two more 
interesting varieties of pure carbon - diamond and graphite. How 
different the sparkling diamond is from tlie ordinary grey graphite 
with which we write! We always attribute differences in the prop¬ 
erties of iK)dies to the differences in their composition. In this case, 
however, the dilfiTcnt properties arc due to different arrangement 
of the atoms in the crystals. 

In the diamond crystal the atoms lie very close to each other. This 
accounts for its considerable specific gravity and hardnc.ss, which 



Forest of oil derricks in a Baku oilfield 



exceeds the hardness of all llie other minerals, as well as for its exception¬ 
ally high refraction index. 

Diamond can form l'r<jin molten rf)ck only under very high pressures 
af 30 and, perhajis, e\'t'n Go thousand atmospheres. 

Such pressures exist only at a depth of 60 to 100 kilometres. Rocks 
very seldom come t<j the surface from such depths, and this may 
be the reason why diamonds are encountered extremely rarely. For 
its hardness and sparkle the diamond is very highly valued as a 
first-class precious stone. 

India has long been known for her diamonds mined in placer 
deposits. Diamond fields w<*re discfjvcred in Brazil (17127), in Airica 
(1867) and in the Soviet Union. The greater part of world’s diamonds 
is now mined at the Alriean dc]>osiis discovered in the valley of the 
\"aal River, the right tributary 
of the Orange River. 

At first they were mined 


in river clay placer deposits, 
ljut it was soon discovered 
that they were also to he found 
in the blue clay on the gently 
sloping hills away frf)m the 
river, 'flic blu<‘ clay Ijegan 
tf) be worked and a ‘‘diamond 
ru.sh” started; plots (d blue 
clay tliree metres .scjuait* \\ere 
bought at a million times llieir 
price and ver>' deep holes 
were dug. People swarmed 
like ants in these holes and 
dug the rock. Suspension ways 
were built in order to remov e 
the precious clay. 

It was not v'cry deep, 
however, before the clay 
disappeared and hard green 
rock known as kimberlite came 
into view. It also contained 
diamonds, but tlvey were v'cry 



Open cn.st work in diamond-bearing pits in 
the environs of Kimberley in 1850. The pic¬ 
ture shows nunieroiis ropes used by the 
owners of small plots for hoisting the ore 


hnrcl to extract and the small owners had to ^ivc up their costly and 
inefficient ciTorts. Aiu-r a period of inactivity a large stock company 
resumed work, hut tin's time it sank mint's. 

I'he diamond-hearing rock goes down into tlic interior Uj inacces¬ 
sible depths. Ji fills the pipes formed during volcanic explosions. 

Fifteen craters produced by these ex|)losions are known; the largest 
of them is ;^f)0 metres in diameter, tlic rest measure from 30 to too 
metres. 

Kimberlite is sprinkled with very small diamond grains weighing 
less than too milligrams ‘or hall a carat). Large stones are also en¬ 
countered sometimes. I’he “Lxcelsior" weighing 972 carats or i()4 grams 
was the largest lor a long timt‘. An even larger diamond named 
“Cullinan"’ and weighing :]a)23 carats or (>05 grams was i'ound in 
]C)o<). Slones weighing more than 10 carats are rare and expensive. 
'Flu* most i’amous diamonds weigh from 40 to 200 carats. I'he ordinary 
diamonds crumixs, as well as the black variety—‘"carbonado” or the 
diamond drops (diamond fragments) are also verv valual>le ]>erause 
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lht*y are used in engineering for drilling and boring hard rock. The 
drawing machines which produce tungsten filament threads for electric 
light bulbs require rather large stones. 

Graphite is the same carbon, but how'^ its properties differ from 
those of diamonds, though! 

Its atoms easily separate from each other along planes. 'I'his soft 
mineral with a metallic lustre is not transparent, easily breaks up into 
small slieets and h‘aves a trace on paper. Graj>hite very poorly combines 
with oxygen and can stand very high temperature being a sort of 
fireproof' material. 

It is of dual origin: it 
is formed either liy the 
decoiupiisition of carbon 
dioxide liberated from 
the magma during the 
formation of igneous 
rock t>r by the inetamor- 
]>h<jsi.s of coal. A famous 
deposit of the first typje 
is in Siberia. Tenses of' 
very pure graphite are 
found here amid the 
cooled igneous rock 
nephelitic syenite. Enor¬ 
mous deposits of gra¬ 
phite occur in the basin 
of the Yenisei River, 

'riiis graphite originated 
from coal and is high in 
ash content. 

Whenever we write in 
pencil we use graphite. 

For the manufacture of lead pencils graphite is mixed with purified 
clay and the hardness of the pencil depends on the amount of the 
latter; little clay is used for soft pencils and vice versa. The cylinders 
are then pressed and glued into wood. But only 5 cent of the total 
graphite produced goes into lead pencils. Most of it is used to 
manufacture fireproof crucibles for melting the highest grades of steel, 



Original forms of native diamonds, sketched by 
A. Fersman in 1911 
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Use of oil in vnriojs branches of industry. Tlic picture shows only a small part 
of the different substances produced by chemical processing of oil 


electric furnace eJectrode.s, and for liihricalini; friction parts in heavy 
machinery (for example, bloomings); as a j>o\vder it is used for 
sprinkling the clay moulds employed in casting metal machine 
parts. 

\V<' sliould now recall the late of the carbon dioxide that was 
retained in layers of the earth in the form of limestones, chalk 
and marble. 

To l>egin with, how was .it formed? This is easy to answer; 
suffice it to examine a little chalk powder under the microscope. 
We shall find in it a whole world of microscopic fossils. We shall 
see numerous circles, little rods and crystals not infrequently of a 
fine and beautiful pattern. These are remains of the lime skeletons 
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of microscopic organisms- rhizopods. Some of their species are still 
found in the warm seas. The skeletons of rhizopods are made of 
calcium carbonate, and myriads of such skeletons formed llie rock 
after tlic death ol the organisms. But the formation of rock involves 
not only the lower microscopic animals; the skeletons of many 
other marine animals and plants are made of calcium carbonate. 

rhese skeletons arc also encountered in limestones. 

By the remains of the organisms scientists can tell the time the 
limestones were Ibrmcd. 

Tlie latest geochemical research makes it possible to determine 
the relation between coal and oil and the total amount of limestones 
in the world. 

Consequently, the abundance of limestone in each geological epoch 
enables us to estimate the amounts of coal and oil which were then 
formed, ’rhe.se geochemical conclusions arc of great importance even 
if the practical estimates prove inaccurate. 

Many of the ancient limestones change to marble under the influence 
of pressure and lose all traces of organic life. The carbon dioxide 
accumulated in them over a period of millions of years has left its 
cycle. Only if mountain-forming or volcanic processes should occur 
anywhere near the marbles they may again release carlx)n dioxide 
under the intluence of' heat and give rise to its new cycle. 

Thus nature itself maintains a balance in the eternal cycle of chemical 
processes. 



PHOSPHORI S—ELEMENT OF LIFE 
AND THOUGHT 



In order to make the history of this remarkable natural element 
more intelligible I shall tell you two stories. One of them will date 
from distant limes, i.c., the end of the 17th eentury, the other will 
refer to our own days. Then I shall try to draw coneliisions from tliese 
two stories and set forth the fabulous history of j)h(»s[)horus without 
which there can be neither life nor thought. 


« ♦ He 

A dark basement weakly lighted l)y a grated window, located high 
in the wall. A furnace \Vith hearths and a large bellows, large retorts 
and clouds of smoke.. , . The walls are covered with various iuscri|)lions, 
Arabic dicta, pentagrams, astronomic calculations and a picture of 
a starry sky and the heavenly bodies. Ancient volumes with heav\' 
leather covers and some mysterious signs are laid out on the labh s 
and on the floor. On the floor there are also large bowls for grinding 
salts, piles of sand and human bones, vessels with the "water of youth”; 
the table is crowded with sparkling dro])s of mercury, fine glasses, 
retf^rts, and yellow’, brown, red and green solutions. 

Against this background of an old alchemical laboratory we behold 
the figure of a grey-haired alchemist who in his long voluntary .seclusion 
has been trying to change silver to gold and to utilize the mysterious 
powTr of combustion to transform one metal into another. 

He has been di.ssolving powders and human bones in a thousand 
different ways, evaporating the urine of man and various animals; 
he has been searching for the philosopher’s stone which w’ould make 
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old people young and would leach man to produce costly gold from 
ordinary metal. 

It was under these mysterious and complex conditions that the 
alchemists of the i 7th century were trying to work out the problems 
of chemistry. But the attempts to produce gold from mercury or to 
obtain the phihjsopher’s stone frcuii human bones proved futile. Time* 
wore on and the experiments brought no results. The alchemists sur¬ 
rounded their laboratories with ever greater mystery and hid their 
recipes and the thick volumes of their notes. 

In iC)6c) Lady Fortune finally visited one of the alchemists wwking 
in Hambtirg. In search of the precious stone he took fresh urine, evap¬ 
orated it dry and annealed the black residue. At first he heated this 
residue gently, then m<5r<* and more strongly; a white wax-like 
substance began to collect at the top of the tube, and tlie alchemist 
noticed, much to his surprise, that the substance was luminescent. 

Ilennig Brandt (that was tlie alchemist’s name) long kept his dis¬ 
covery absolutely secret. Other alchemists vainly tried to gain access 







lo his laboratory. Tlie powers that be came to Hamburg in an endeav¬ 
our to buy his secret. The discovery created a tremendous impression; 
the greatest minds of the 17th century took an interest in it believing 
that the philosopher’s stone had been found. This stone shed a cold, 
quiet light; it was given the name of “cold light,” while the substance 
itself was named “phosphorus” (which means “light-hearing” in 
Greek). 

Robert Bo\'le and Leibniz took considerable interest in Brandt’s 
discovery. \’ery soon one of Boyle’s pupils and assistants in London 
attained such wonderful results that he even adv'ertised in a newspaper: 
Hankwitz, London chemist, address so and so, prepares all sorts of 
medicines. In addition he informs all those who are curious that he 
is the only one in London capable of producing all varieties of phos¬ 
phorus at 3 pound sterling per ounce. 

And still the production of phosphorus remained a secret of the 
alchemists until 1737. Their attempts to utilize this remarkable element 
were fruitless. Believing they had discoven'd the philosopher’s stone 
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they vainly tried to use this luminescent white phosphorus in changing 
silver to gold. 1 he philosof)her’s stone would not reveal its secret 
properties, while th<‘ explosions which sometimes occurred during 
experiments onl\ frightened ilie investigators. Phosphorus remained 
a mysterious substance and found no application ibr itself. It t<>ok 
nearly two centuries before lael)ig, a cherni.st, discovered in his modest 
chemical laboratt^ry one more mystery- the significance of j)liosphorus 
and phosjjhoric acid in the life of plants. It became clear that phosphoric 
compounds were the basis of' life in the fields, and the idea that 
Cfimpounds of the “cold light” should be strewn over the fields to 
improve the crops was voiced for tlie first time in this laboratory. 

We know ilie mistrust with which these words of Liebig were treated. 
His attemjjts to fertilize the soil with saltp<‘tre were useless, and the 
cargo of this salt brought liy ships from South America found no buyers 
and was dumped into the sea. I’he possibility of using the salts of the 
“cold light” for the |:>urj)osc of increasing the yield of rye and wheat 
and for developing the stem of* the valuable fibrous plant— flax -was 
long considered a mere fantasy. It took years of persistent scientific 
work again before }.)hosphnrus became one of the most important 
chemical elements in agriculture. 

9(( Ik >|( 

My second .story deals with 1939. In the U.S.S.R., apatite, a light 
green stone and very valuable mineral, is mined on a large scale on 
the slopes of snow-covered mountains in the north. It is produced in 
tremendous quantities and its output vies with that of the phosphorite 
extracted on the Mediterranean Coast, in Africa and in Florida. Apatite 
goes to Large concentration plants where it is pulverized and separated 
from harmful constituents; the result is a pure wliile powder, as soft 
and friable as flour. 'Fhen it is loaded into railway trucks and dozens 
of trainloads <jf it are sent from the distant Arctic regions to factories 
in Leningrad, Moscow', Ode.ssa, \'innitsa, Donets Basin, Perm and 
Kuibyshev where it is treated with sulphuric acid and transformed 
into a new' substance, another wliite powder - a soluble phosphate 
fertilizer. Millions ol' tons of these phosphates are strewn by special 
machines over the fields of our country doubling the yield of flax, 
increasing the sugar content of' sugar-beets, multiplying the number 
of c< 3 tton bolls and imprcjving the vegetable crops. 
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Dispersed over the fields the minutest 
atoms of phosphorus get into the bread, 
vegetables and other foods we consume. 
Calculations show that in (‘ach ])icce of 
bread weighing too grains we consume 
up to I 0,000,000,000,000.000,000,000 
atoms of })hosphoriis, i.e,, a figure 
so enormous tliat it is hard to call 
it in ordinary language. 

We have told yon about the coiiniry's 
main source of phosphates, the apatite 
of the K.hil)iny Mountains. Hut immen.se 
as the mines on Kola Peninsula arc 
they cannot alone |.)r()vide enough phos- 
])hate lor the vast fields ol the Soviet 
Union because of transfiort limitations. 
M’he number ol trainloads of j^recious 
apatite that reach Siberia, Kazakhstan 
and C^imtral A.sia does not suffice and 
here newly discovered deposits come to 
the aid. Phosphorites are now vigorously mined in many .sections 
of the Kuroj^ean pan of the Soviet Union; no less important dej)osits 
are now known in Siberia and in C-cntral Asia. New dep(^sits are 
l)cing prosj)ected for and worked in various parts of the country. The 
phosphorite deposits make it possible to secure .scores of millions 
of tons of jjhosphate fertilizer which brings its life-giving force to the 
country’s state and collective-farm fields and fully impregnates the 
grains in tlic ears and the stems ol the plants with its vivifying 
atoms. 

We have painted two pictures from the history of pliosphorus: 
its discov’cry and its utilization in our days. More than ten million 
tons of phosphate fertilizer is annually produced in the world; of 
these two million tons are strewn over the fields. 

But phosphorus is used not only for fertilizer. The imfjortance of 
this substance increases with each passing year. At the present time 
this “cold light” is used in at least I20 branches of industry*. 

In the first place phosphorus is the substance of life and thought; 
the content of phosphorus in the bones determines the growth and normal 
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development of the cells of the bone marrow and is, in the lom^ run, 
responsible for the str(!n]tTth of the living organisms, 'f’he high content 
of phosphorus in llte cerebral matter indicates its essential role in the 
\^■ork of the brain. Phospliorus deficiency in the food leads to a \N’cakeninLi 
of the entire organism. "Jlie existence of a number of difl'ercnt medicine^ 
and pharmaceutical pre|)arations containing jdiosphorus for the weak 
and the conv^alescents is no mere accident. Xot only man needs jihos- 
phorus; plants and animals also require enormous fjuantities of it. 
^lan has learned to fertilize with jihosjihorus not only the land but 
th<‘ sea as w<-ll. Fertilization of sea-water with phosphorus in encloscfl 
bays and gulfs rapidly increases the reproduction and growth of sea¬ 
weeds and t>ther microscopic organisms which leads to an increased 
rc'produetion of fish. \\v have jiersonally witnessed experiments in 
which phosphorus \vas introduced into ponds near Leningrad as a 
result of which the fish grew to twice their former size. Phosphorus 
ha.s lately played a very important part in the preparation of various 
foods and, espe<iall\, mineral waters. High grades of mineral waters 
are obtained with the aid of phos))horic acid. Phosphates, especially 
those of manganese and iron, jiroduee strong and durable coatings. 
We know that high-cpiality wares of stainless steel are made by a 
special method of coaling with phosphates. The surfaces of planes can be 
rendered stainless with the aid of such jihosphate coatings. The '‘cold light” 
of phosphorus created iu its lime one of the largest branches of industry, 
namely, the match industry. Our young readers do not know the 
phosphorus matches used before tlie matches of our time were invented. 
I still remember since my childhood the boxes of phosphorus matche.s 
which were made with red heads ^ and lighted by rubbing against 
.some object. People particularly liked to light these matches against 
the .soles of their slux's. However, the dangerous properties of phos¬ 
phorus necessitated the invention of other matches, the ones we are 
using today. 

The use of phosphorus in matches suggested the idea of utilizing 
this substance for a cold fog rather than for a cold light. When l>urning 
phosphorus chang<‘s to phosphoric acid which drifts in the air for a long 
time in the form of a mist. 

Military (‘nginecring has made use of this peculiarity of phosphoric 
acid for creating smoke-screens. Incendiary bombs contain a consider¬ 
able amount of ]>hosphorus, and in modern warfare phosphoric bombs 
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I'sc of p!i()sphoru> in iliffcrcnt branches of iiulustry 


sprcadini^ a white cold fog have become one of the means of attack 
and destruction. 

We shall not weary you with the complex chemical course travelled 
by phosphorus in nature, from the melts deep in the interior of the 
eartli to tlie line apatite needles and the living filters (micro-organisms) 
w'hich absorb phosphorus from its weak solutions in sea-water. 

The history of migration of phosphorus in the earth’s crust is un¬ 
commonly interesting. The fate r)f phosphorus is bound up with the 
com})lcx process of life and death. But })hosphonis accumulates where 
organic life terminates and animals die en ma.sse, at tlie junction of 
sea-currents where submarine cemeteries arc formed. In the earth 
phosphorus accumulates in two ways: either in the deep deposits of 
apatite separated from the hot molten magma or in the remains of 
the skeletal parts of animals. The atom of ])hosphorus goes through 
a complex cycle in the history of the eartli. Separate links of its migrations 
have been discovered by chemists, geochemists and techiKilogists. Its 
past fate is lost in the deep interior of the earth; its future is in world 
industry. 




SULPHUR—BASIS OF THE CHEMICAL 
INDUSTRY 


Sulphur is one ol the first chemical elements known to man. It was 
encountered in many places along the Mediterranean C'oast and could 
not escape the attention of the ancient peoples—the Greeks and Ro¬ 
mans. \"olcanic erujnions invariably brought a lot of sulphur to the 
surface; the odour of sulj^hnr dioxide and hydrogen sulphide was 
considered a sign of the activity of V’ulcan, the underground god. 
Hie clear, transparent crystals of sulphur in the large Sicilian deposits 
were noticed many centuries B.G. 'Fhc ability of this stone to liberate 
asphyxiant gases attracted special attention. It tvas precisely because 
of this unusual property that sulphur was considered one of the basic 
elements in the ^v'orld at that time. 

Xo wonder, therefore, that to the minds of ancient naturalists and 
especially alchemists snljihur always 
played an exceptional role in the 
processes of \'oIcanic activity or for¬ 
mation of mountain ranges and lodes. 

At the same time it appeared to the 
alchemists that sulphur possessed a 
mysterious property of liberating new 
substances during combustion and 
should, therefore, have been the missing 
constituent of the ]>liilosopher’s stone 
which they so vainly tried to find in 
order to be able to jiroduce artificial 
gold. 

The idea of the exceptional role of 
sulphur in nature is excellently con- 



Phosphorus smelting in the Middle 
Ages 
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veyed ill the famous treatise of tlie Russian scientist Lomonosov 
entitled “On IVrrcstrial Layers'’ and {Miblished in 1763. The following 
are a few quoraiitjiis from the treatise: 

“In considering the great deal of underground fire the mind im¬ 
mediately turns to cognition of the matter which it contains.” . . . 
“Is there anytliing that can burn better than sulphur? What can keep 
up and feed a fire with greater force than sulphur?” “What combus¬ 
tible matter comes more abundantly than sulphur out of the earth’s 
interior?” 

‘'Because it is not only from the jaws of fire-breathing mountains 
that it belches forth, and in hot springs that spurt out of the earth 
and in dry underground vents that it accumulates in great amounts, 
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but because there is not a single ore and liardly a stone which by mutual 
fricti(m u ith another docs not give off a sulphurous smell thus announc¬ 
ing its presence. . . . Taking fire in the entrails of the earth and expanding 
the heavy air in the abysses it presses against the earth h'ing above, 
lifts it and by moving it in different directions and in different amounts, 
produces different quakes and primarily breaks through wherever it 
finds the least resistance, shooting in the air the light parts of the de¬ 
stroyed earth’s surface which in falling lake up the near-by fields, 
while the others, because of their enormity, overcome the fire by their 
gravity and coming down form mountains. 

“We have observ'ed a great deal of fire in the bowels of the earth 
and an abundance of sulphur which it requires for burning and which 
.suffices Ibr earthquakes and for producing great altcrations-'Calamitous 
but also useful, lerril^le but also bringing delight. 

True enough, the earth’s interior contains a lot of sulphur and in 
cooling it gives off manv volatile compounds of various metals in com¬ 
bination with sulphur, arsenic, chlorine, bromine and iodine. We can 
judge about this not only l)y the odour typical of volcanic eruptions, 
of asphyxiant soffioni in South Italy or of the clouds of sulphur 
dioxide of the Kamchatka eruptions; sulphur is also brought out in 
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solutions and it forms lodes. Together with arsenic and antimony, 
its friends and fellow-travellers in these hot volatile fluids, it forms 
the minerals from which man has obtained zinc and lead, silver and 
gold since time immemorial. 

But on the earth’s surface these dark, opaque, lustrous poly¬ 
metallic ores and various glances and pyrites are subjected to the 
action of atmospheric oxygen and of water; the latter decompose 
the sulphides into new compounds, oxidizing the sulphur into sul¬ 
phur dioxide. VVe know this gas by the odour of sulphur matches. With 
water it forms sulphurous and sulphuric acids. 

Sulphur and its products are .similarly liberated during oxidation 
of large pyrite lenses, they destroy the surrounding rocks and, combining 
with stabler elements, finally yield gypsum or other minerals. It will 
be noted that sulphuric acid, which is formed in pyrite deposits and 
where native sulphur is mined, possesses destructive jiroperties. 

I recall the Mednogorsk Mine in the South Urals where so much 
sulphuric acid is liberated during tlie oxidation of pyrite that it is 
absolutely impossible to guard oneself against its poisonous activity 
and the workers’ clothes do not last long because the acid cats 
holes in them. 

When we worked in the Kara-Kum .sands >;Turkmen S.S.R.) 
we did not know this properly of sulphur deposits, and when our samples 
of sulphur ore neatly wrapped in paper came to Leningrad we 
found that the paper was entirely eaten away, that only scraps of the 
labels remained and that even the boxes were damaged. We had 

to describe the hero of these calam¬ 
ities, the natural sulphuric acid, as 
a new independent liquid mineral. 

The Kara-Kum ore is noted for 
the fact that it consists of a mixture 
of sand and sulphur. To obtain pure 
sulphur P. X'olkov, Soviet chemical 
engineer, proposed an ingenious 
method. Fine ore is pul into a boiler 
working under high prc.ssurc, water 
is added, the boiler is hermetically 
scaled and steam under a pressure 
of 5 to 6 atmospheres is passed 



Dunes of gypsum sand 
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throut^h it. The temperature in the autoclave rises to about 140' C., 
the sulphur melts and collects in the lower part of the boiler while 
the clay and sand are stirred up by the steam and carried to the top. 
A tap is opened some time later and the sulphur quietly flows into 
special trays. The entire process of melting takes about two hours. 
Soviet engineers .solved the problem of purifying Kara-Kum sulphur 
as simply as all that. 

Sulphur does not keep its initial form long: it soon combines with 
various metals and in volcanic regions forms accumulations of 
alunite which is dispersed around active volcanoes in white spots 
or bands. 

Some astronomers believe that alunite is responsible for the white 
haloes and the white rays which surround the craters of the lunar 
mountains. 

A large amount of oxidized sulphur is in combination with calcium. 
The resulting compound is rather hard to dissolve in the laboratory 
but it is a sufficiently rncjbile compound in the earth. This compound, 
which we call gypsum, is deposited in large quantities as thick layers 
in salt-lakes and in drying sea basins. 

But the history oi sulphur on the earth’s surface docs not end with 
this. Part of the sulphuric acid changes into a gas again; a number 
of micro-organisms reduce sulphur; hydrogen sulphide and volatile 
gases are formed from the solutions of its salts and are brought out 
to the surface in very large amounts by oil-bearing w-aters: they saturate 
the air in marshy lowlands and in a mirriber ol firths and lakes form 
a black silty mass which is 
called curativ’c mud and is 
extensively used for therapeu¬ 
tic purposes in the Crimea 
and the Caucasus. 

A ver\’ great part of the 
sulphur volatilizes as hydrogen 
sulphide, thus, returning to 
a mobile form. This ends one 
of the periods in the complex 
cycle of this element in geo¬ 
logical history. 

But man has sharply 
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< li;uii;cd the j)atlis which sul¬ 
phur travels oil earth, and it 
has become one of industry’s 
most valuable materials. Only 
a million tons ol' it is mined 
annually in its pure slate, but 
in iron compounds from 
whi('h sulphur is obtained 
for acid it is mined in 
scores of millions of tons an¬ 
nually. 

Sul|)hur has become the 
basis of tile chemical industry 
and we should be hard put to 
it to name all the branches of industrial engineerint? for which it 
is indispensable. I shall mention only the main branches, but these 
examples are enough to show that industry cannot exist without 
sulphur. 

Sulphur is recjuired for the production of paper, <'<*lhih>id, paints, 
most medicines, matches, for the purification of benzine, eth(*r 
and oils, and for the manufacture of phosphate fertilizers, vitriols, 
alum, soda, glass, bromine and iodine. Without it it is hard to produce 
nitric, hydrochloric and acetic acids; hence, it is clear why sulphur 
has played an enormous part in the developm(*nt of industry since 
the beginning f)f the ipth century. As suliihuric acid we need it for the 
production of dynamite, while its use in gunpowder has made it abso¬ 
lutely indispensable to fire-arms. 

The struggle for sulphur stands out, therefore, all through the history 
of the 18th century. Sicily was long the only supfilier of sulphur. It 
was part of the Italian kingdom and sinc<‘ the beginning of the i8th 
century British frigates had repialedly bfimbarded the Sicilian coast 
in an endeavour to capture this wealth. I hen the Sw(*des disrover<-d 
ii method of producing sul[)hur and sulphuric acid Irom jiyrites. 'I'hr 
vast Spanish jiyrite tleposits beraim* the centre of atte ntion of all 
European states and the British frigates appeared at the Spanish coast 
in order to seize this source of sulfihui and sulphuric acid, as well. 
The Sicilian depf>sits w'ere ne-glected and all atte'ntion was focused 
on Spain. 
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'I'lirii (hi* hist and rxirmirlv 
rich sul])hiir deposits were 
discovered in I’lorida. 

In ])ursuit of higher pro- 
ducti\ity a seemingly incred- 
ihle niethoil was ]>roposed: 
su perl lea ted steam was 
pumped imderj[>ronnd; owintr 
to the low melting ii'inpera- 
(ure of sulphur (iip ihi* 
steam melted it underground 
and forced it to the surface 
in a liijuid state. 

'riii* first installation for 
pumping out molt<*n sul|)hur 
>vas huilt and the sulphur 
was I'jecled to ihi* surfaci* 
where it solidified into large 
hills. 

'This method is very pro¬ 
duct ive and enornunis amounts 
ol' sulphur were obtained by 
it in America, 'rite Italian 
and Spanish ileposits receded 
into the backgi\>und. Once 
again a brilliant idea occurred 
to the Swedes in the polar 
country of sulphurous (»res. 

OiK* of the plants began to 
|m)duce suljduir as a by- 
product while pn>cessing 
i)yritic ores. 

Again a metal sul]dud<‘ 
has become the s<nirce ot 

sulphur and again the fate of sulphurie acid has changed. 

I am tc'lling vou this to show you how intricately creative ideas 
sometimes change the use ol a substance in industry, These new methods 
will remain in the historv of science: they have radicallv changed 



In.Mallation f»>r sulphur extraction from ,i deep 
btue hole. Supcrhe.ued steam and compressed 
air are pumped through dtuiblc pipes into 
limesttines, which contain sulphur, and melt 
the latter. Liquid .sulphur ri.ses along ring 
space in the pipes and pours out to the sur- 
f.tce where it hardens in the form of enor¬ 
mous rectangular monoliths 













r^e of sulphur in various branches of industry 



the techniques of sulphur extraction and have influenced certain pro¬ 
duction relations. It is. not without reason that one of the Italian journals 
wrote that the new methods ‘"killed” the population of Sicily forcing 
it to starve by growing oranges on its poor plantations and grazing 
goats in its parched mountain pastures. 



CALCIUM—SYMBOL OF DURABILITY 


One day. as I was passing through Xovorossiisk, I was asked by a 
group of engineers and teclinicians working at the large cement plants 
located near the city to lecture at their club on limestones and marls 
whiclt are the principal raw materials for cement. 

I had to tell tlu'in that I did not know anything about ilie subject. 
I km‘w very well tfiat \arious kinds of limestones formed the basis 
ol'lime and cement: 1 also knew how valuable good lime and cement 
were: I told them how haid it was to get these two necessary prc«ducis 
for the construction it*bs in the North. 

Simj>le lime was usually ordered from the \'aldai Hills hfieen hundred 
kilometres away from the construction sites, while cement came from 
Xovorossiisk in a n>iindab<nit way. across the Black, Aegean and 
^Mediterranean seas, and the .Atlantic and Arctic oceans: I told them 
that that was why I very well understood ho\v terribly important 
lime was tt.» life and construction, InU that pers<Mially I never had an\- 
thing to do with limestones and knew nothing about them. 

‘‘'Then tell ns about calcium." one t^f the engineers said, thus empha¬ 
sizing that the metal known as calcium was the basis of all limestones. 
"Tell us about tliis metal I’rom the point of view of geochemistry', 
its properties, its fate, where and how it accumulates, and why it is 
preclselv this element that creates the beauty of marbles and imparts 
such valuable technical projH-rties to limestones and cement marls."’ 

1 gave them a lecture on this subject, and this is how the story of 
calcium atoms in the universe, which 1 am going to tell you, came 
about. 





General view of a cement plant 


I told thoiii that sliue tlu’v were workiuij in tlie eemeiit industry, 
the industry o( binding substances, oiu* of the most important branches 
of the building industry, the liistory ot calcium altnns should be of 
special interest to them. 

Chemists and physicists say that in Mendeleyev's svsteni calcium 
occupies a very specific place under number -jo, This means that 
it C(msisis of a nucleus, i.e., minutest particles jinUons and neu¬ 
trons. and twentv free negatively charged particles known as elec¬ 
trons. 

Number 40 denotes the atomic weight of this element located 
in the Iburth series of the secoiui group ol Mendeleyev's system. To 
form sial)le mcdecules in its ci>mpounds it requires iwo negative 
charges. As the chemists say, it has a valence, of two. 

Vt)u must have noticed that in wliat I said I used figures which 
arc multiplies of four. In geochemistry these are very important 
numbers. We know that in life, too, when we want to make 
something stable we always use ihese numl)ers; for e.\ample, a 
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table has Tour lej^s. A stal)le body, any structure, is usually sym¬ 
metrical so that the ri.t;ht and the left halves are similar. 

'rhe numbers 2, 4, 20 and 40 tell us that calcium atoms are ex¬ 
ceptionally sta{)h‘, and wc. do not know yet how many hundreds of 
millions ol deL;;r(‘(‘s it would take to destroy this durable structure 
of the small nuch-us and the group of the twenty negativ'e planets 
speeding around it. And as the astrophysicists l>egin to understand 
th<* .structure of the entire Wf)rld the enormous f)art the calcium atoms 
have jdayed in the universe comes increasingly lu the fore. 

Hert' is the corona during a .solar eclii)se. Kv<m the nak(‘d <‘ye can 
s<-e the immense prominences, the extrusion of red-hot speeding 
])articles ol metals lor a distance of hundreds of* thousands of kilometres; 
calcium plays the principal part among these. Perfect methods have 
now enablc‘d our astronoim rs to find out what fills the interplanet.iry 
spaces, 'file entire sjjact* amid the dispe^rsed stc^llar nebulae is pierced 
b\' spe<*ding light atoms of c<‘rlain chemical c'lements, and it is again 
calcium which along with sodium plays a big part among them. 

And then obeying the laws of gravity certain speeding particles 
ol'the univt'rse travelling their intricate routes come Hying to our earth. 
'They fall in th<* form of meteorites, and again calcium plays a trenu ndous 
part in them. 

On our earth, too, we could hardly think of any metal of greater 
imj)ortanc<* to the formation of tlie earth’s crust and the creation 
f)f life and technical progress. 

As far back as the time when the molten ina.sses lioiled on the surface 
of the earlli, when tlu* heavy vapours gradually separated out and 
the atmosphere formed, and when the first drops of water condenst^d and 
creat<*d the great oceans and .seas, calcium, together with its friend 
magnesium, which is as <lense and strong and as even-numbered an 
element (its number is 12), is one of the most important metals on earth. 

In the diflerent rocks, which poured out to the surface or hardened 
in the interior, the atoms of calcium and magnesium played a sjx'eial 
part. 'I'he floor of the large oceans, especially the Pacific, are still paved 
with basalt in which calcium atoms are very imiiortaut, and we know 
that our conliiieuts ll<»al on this basalt bed which forms a sort of thin, 
hard crust fin the melts ol ili<‘ interior. 

(ieo('hrmisis have even <'stima((‘d that the composition of the earth's 
c rust includes ;{.4 per cent calc ium and 2 pcT c^enl magnesium by 
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weight. rhe\ have Jinked ilie laws of calcium dis}>ers*on with die re- 
niarkal^lt* properties of llie calcium an>ni itself, with tlie even nunil.ier 
of its electrons and with the wonderful staliiliiy of' this Ijieautilvil and 
perfect siructurt*. 

Immediately after the formation of the earth’s crust these atoms 
liegan their complicaitxl inigraiions. 

At that time of the distant past \olcanic eruptions'brought out large 
massc\s of carbon dioxide to the exterior. The hea\'y clouds of the 
atniosj>h<*re saturaietJ with vapours of water and carbon dioxide sur- 
rcjund<‘d the earth and destroyt'd the carili's surl'ace removing the 
still hot masses of the earth in th«‘ wild primary storms. Thus, the most 
interesting stage in the history of migrations of calcium atoms began. 

With carbon dioxide calriiirn yielded strong, stalile compounds. 
In a surplus of carbon dioxide* the* c alcium carbonate* was transported 
b\ water: witli a loss cjI carbon dioxide* it was depo.sited in the* J'orin 
of' a white* crystidlinc* po\vder. 

That is how the thick layers of liniestonc*s were formed- Wherever 
the sedimc'nts on the surface of the earth accumulated the remains 
of clays, layers of marls were deposited. The stormy movements of the 
molten underground masses, which 
broke* into the layers of limestone*, 
roasted them with their \'apours at 
a temperature oJ' thousands of dt*.gree.s 
and transform<*d them into the* snow- 
white mountains <jf marble* w hose proud 
peaks blend witli the .snow. 

And then out of some complex 
clustc*rs of e-arbori compounds c'amc 
the* first lumps of organic matter. 

These* jt*lly-like colloid ma.sses rc- 
.sembling the medusas ol' c^ur Black 
Sc*a gradually grew more complex and 
new properties, properties of the living 
cells, arose. The grt*at laws of evolution, 
the struggle for existence and fc>r the 
furlhc'r devc'lopment of the genus ren- 
dc*r<*d tliese* molecules more complex, 
led them to new* combinations and 
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iu*\v propertirs oil the tiasis of the 

i;reat laws of the c>rt*anie world. I-if'e was 
,i»radii;illy takini^ Ibriii, first as simple eells 
in the hot seas and oceans, then as more 
complex iniilli-cellular ori^anisms all the* way 
lip ti> man, the most [><*rJect organism on 
earth. 'This gradual complication in the 
i^rowth ol‘ each oCLtanism always reflected 
tlu* slrnt»£^le for the creation of a stronj^; 
and stable* lK>d\’. In a number of cases the 
solt ;ind i‘laslic body of an animal could 
ne>t r<*sist its enemies who lore it to pieces 
and iU*stroved it at e*ach step. In the ])riK'ess 
t»f o-iMclual c*\<)hition organic siibstanca* in- 
creasin^K stro\ e tr> protect itst*lf. What was 
recpiii'cil was I'ither sonu* impeiu'trable shell 
aronnd the soil bi»d\ to liide the animal, 
t»r a strong; int(*rnal frame', tlu* thiiii; we 
(mH a skeleton, so that the soft body niii;ht 
hold iirmK on tlu- hard bones. .\iul the 
histor\‘ of'lile shows ns that in this search 


for a hard and dnrabh* matt*rial lale inm has pla\ed a ver\- spi*cilic 
part. C'alciiim phosphate- was the* first to be drawn into tlie slu'lls 
and llu* first shells i‘iu'e>\mlt‘rcd in the* e-arllfs crust wt-re* made- ol the* 


mineral known as apatite*. 

It was not the* be*si waN. howe‘V«‘i'. Phos[)horus is iu*(*de*d lor life 
itself and its reser\ <*s art* not e\ e*ryw lu're* so larij^t* as to (‘liable* the animal 
to build a strons* slie'll. d’lu* historx* of the cIevt*Iopment of tlu* animal 
and plant world Ikis shi>wn that it is of greate*!' ;idvanta.i;e to build 
the* strewn” parts iVemi other insoluble compounds opal, Ijariiim sulphate* 
and strontimn sulphate*, but e alcinm carbe>iialc* pre)\ed llu* most suitable 


material. 

rrue*. phosphorus |)r<»v<'d no le.ss 
nece*ssar\', and as various types of 
molluscs and crawiish, as well as 
nnice*llular organisms starte*d to 
make extensive* use of caliium 
carbonate* for tlu*ir pre'tly shells the* 




skcli'lal parts t»r t<*rri*strial aiumals 
to l)f built <>!' jihosphatcs. 'Tlu* 
boiifs <»1 iitan or of lart»;t* auiitials art* 
inaclt* of calt’iuni pli(»sphatt* wbic li in 
its naturr very tnucb r<‘St*inbl(*s t)ur 
mint-ral apatil<*. Hut in ibc ibrmrr, as 
\\ t‘ll as in ihr latlt*r t .isr, t'alt iutn has 
plavfcl an apprct’iablt* part. 'I'lit- <»nly 
clill'crciu't' is that tlir sk<‘l(‘tt»n of man 
was brini; Iniilt oi tlu' j>lmsphati* of this 
metal, \vhiU' tin* sltclls were built 
mainly ol its earbtniatt*. 

It is hard to think (»1 a iiitire re¬ 
markable pieiurt* than tin* one that 
|>resents ilsell to a uatur.ilisi as he 
et>mes to the e<tast of. sa\, the ^letl- 
iierranean. 

I rt'inember when as a youni; 

^e<»loi»isl 1 found myself tor the first 
lime on the roeks' shot'e of' Xervi, 
near Cienoa, I was ama/etl at tlu' 
be4iuty and mulliformitv of shells, parti-eoloured seaweeds, hermit 
erabs with tlu'ir be*iu(iful liiilt* limestone homes. Nations molluscs, 
wlu)le colonies of' sc*a-m<isst's and varit>us liniesii>m‘ ci>rals. 

1 Nvas com]iletely immersed in iliis wimderful world of transparent 
bluish water through whitli 1 could .see irridescent compounds of the 
s.ime calcinm carbonate. Hut my reveries in this new world were inier- 
rnj>ted by an enormous octopus, Nvhich came up to our rock unnoticed, 
.md I bi'gan to tease it with a stick. 

('lalcium accnmnl.it ed in slid Is and skeletons on the floors of sea 
basins in hundreds of thousands of f«>rms, 'There the intricate remains 
id' ilead organisms formed Nvhole cemeteries i>f calcium carbonate, 
the foundation of new rock, entire future mountain ranges. 

And now when we admire the mulliformitv of marble colours which 
decorate our architectural structure’s. c»r delight at the beautiful grey 
or whiu' marble of the switchboard at an electric station, or go down 
the si.urs of our Metro with their yellow-broun sle]>s ni.ide of the 
ShcNardmo marble-like limc-stone found near Moscow, we tnust not 
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rort»t'T that the l)asis Itir all thcst* mormons accumulations ol limestone 
was laid by a small living cell and by the complex chemical reaction 
which catches the dispersed calcium atoms in sea-water, changes 
them into Itard crystalline skeleUnis and fibres of calcium minerals 
that were gi\en the names of calcite and aragonite. 

But we know that the migrations of calcium atoms do not end with 
that. 

The waters dissoKe the calcium again and its spherical ions resume 
their migrations in the earth's crust in complex acpiecnis solutions 
now forming so-called hard, calcium-rich waters, now precipiiating 
together with suljiluir in the form of gypsum and now crystallizing 
into stalactites and stalagmites, the C(nnplex fantastic formations in 
limestt)nc caves. 

Then bt'gins tiie last stage in the history of calcium-atom migrations: 
man takes possession of calcium. He not only uses marliles and limestones 
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in their pure form, but in the 
larsje furnaces of the cement 
])Janis and in the lime kilns he 
releases calcium from the power 
of c’arl)on dioxide and creates 
large amounts of cement and 
lime without which we would 
have no industry. 

In the m<jst complex processes 
of pharmaceutical, organic and 
inorganic chemistry calcium plays 
an enfu nious part and determines 
these processes in the labo¬ 
ratories of chemists, leclinologists 
and metallurgists. But even this 
no longer satisfies man. There is 
too much calcium around us and 
this stable atom can be us<‘d for 
even finer chemical reactions; 
man sj>ends scores ol' thousands 
of kilowatts of electric power 
on it: he not only frees the calcium atoms in limestone frcmi the carbon 
dioxide, l;ut also severs its hond with oxygen and ])roduces it in its 
pure form, i.e., in the Ibnn of a shiny, sparkling, soft and resilient 
metal which burns in the air and covers itself with a white film of the 
same lime. 

And it is precisely this affinity for oxygen, this close and strong 
bond which is established between the atcuns of the calcium metal 
and the atoms of oxygen tliat man make> use of. He intniduccs the 
metallic atoms of calcium into molten iron and instead of using various 
other complex deoxidizers and a number of methods of purifying 
pig iron and steel from harmful gases he makes the metallic atoms 
of calcium do this work by utilizing them in open-hearth and blast¬ 
furnaces. 

Thus the migration of this element is resumed; its metallic panicles 
do not sparkle long for they are again transformed into comjjlex oxvgen 
compounds more stable on tl^c surface of our earth. 

As you see, the history of calcium atoms is much more complicated 
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than we think; it would hr dillii nil ((> liiul aiiotlirr rlirniical c-lrniriit 
wliirh travrls surh intriratr routrs in sparr and whicli drirnninrs 
niorr inijxM lant inoiiK'nls in ihr origin of oiir worlds and in onr in¬ 
dustrial lifr. 

VVr must not forgrt that ralrinm is onr of thc‘ ni(»sl vigorous and 
inohllr atoms in thr univrrsr, that it has iinliniitrd j)ossihilitirs oi' 
roinhining into crystallinr strnrtnrrs and that man will make many 
nrw disrovrrirs in which hr will hr ahh‘ to usr thrs<* mohilr glohnirs 
for drv<‘loi)ing nrw materials for Imilding and industry prrha|)s nrvrr 
hrforr r(|iiallrd in sin'ngth. 

But this still requires a lot of work and a greater insight into thr nature* 
of this atom. 'I o make a good grot hrmist and hr ahlr to chart a nrw 
course in geology on<' must he a th(aight(ul clumiisl and jdiysicist 
and an rx|)rn in geology. Vo hr a good technologist and unde rstand 
thr iH*w ways of industry, (hr |)a(hs which will lead U> hrilliam victories 
over nature and to thr widest possible utili/ation of th<‘ most altundant 
elements of the earth, one* has to master the science's of ehemistry, 
physics, ge'ology and geexhemistry. 



POTASSIUM—BASIS OF PLANT LIFE 



Poiassiurn is a characteristic alkali element which occupies a 
rathei' low place in the first group of Mendeleyev’s Periodic T able. 
It is a typical odd clement because its characteristic indices are odd; 
its atomic number, i.e., the number of electrons constituting its 
electron shell is 19 and its atomic weight is 39. It forms stn)ng bonds 
only with one atom of a haloid, ibr example, chlorine: it is, as we 
say, uni\’aleni. As an odd element potassium is at the same time 
characterized by the considerable size of its charged spherical particles 
and this together with their odd number is resf)onsible Ibr their 
constant tendency to migration and their special mobility. 

Xo wonder, therefore, that the entire history of potassium in the 
earth is connected, like the fate of its friend sodium, with exceptional 
mobiliu and comple.x transfi^rinations. It forms more than one hundred 
minerals in the earth’s crust and, in small amounts, part of a hundred 
other mineral species. Its average content in the earili’s crust is close 
to 2.5 per cent. This is a large figure and it slunvs that along with 
sodium and calcium potassium belongs to the elements which prevail 
in the earth. 

The history of potassium in the complex geological past of our planet 
is very interesting. It has be<*n studied in detail and we can now trace 
the entire course traversed by potassium atoms until they complete 
their complex life cycle and return to the beginning of their migrations. 

When the molten magmas harden in the interior of the earth and 
individual elements are distributed according to their molfility, according 
to their ability to migrate, to Ibrm volatile gases f»r mobile fusible 
particles we find potassium among them, it d<jrs iH>t precipitate in 
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tlir first crystals vvlut li arc 1‘oriiicd before others in the interior of onr 
e*\rth; we scarcely c^ncoiinter it in tureen oli\'ine-containinii!; Pliitt)nic 
rocks wliich make up ci^ntinuoiis zones ol’ the earlli’s interic^r. I’^ven 
in the bas<ilt masses which form the oce;ui floor we encounter no 
more than o.;^ per cent potassium. 

In tile CiHirse of the complex crystallizatii>n ol' molten mai;in;is 
the more mt>]jile atoms of the earth accumulate in their upper parts; 
here we find more of the small heavily-chart^^ed ions of silicon and alu¬ 
minium; Iwre we also liavt' many odd atoms oT the alkalis ]3otassium 
and sodium and volatih* watc*r (ompounds. 'The rocks we call granites 
are fin'ined from these molten remains. ^I'hey ct>ver \ast sections of* 
the earth’s surface representing the continents floating on basalts. 

"The granites harden in the interior c)f the earth's crust and potassium 
accumulates in them in amounts constituting nearb* two ]>er cent, 
and mainly forms ]>art of' tlu* mineriil we call feldsjiar or orthoclasc. 
Ptitassium is also a c<»nstitiient of tlie well-known black and white 
micas; in some places it accumulates in ev’en greater amounts forming 



l^akc-salt in the pr>ol €>f the Karakul salt wnrks, Tajik S.S.R. 
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lar>»r crystals <^>1' a wliitc mineral, 
called leucite, of which particularly 
bii^ quantities are contained in the 
potassium-rich lavas in Italy where 
it is mined for the purpose of pro¬ 
ducing potassium and aluminium. 

The granites and acid lavas of 
igneous rock are thus the cradle of 
potassium atoms on earth. 

We know how they are destroyed 
on the surface of the earth by w'ater, 
air and the carbon dioxide with 
which the atmosphere and the water 
are saturated, and how roots of plants grow through them corroding 
individual minerals by the acids they liberate. 

Those who have ever been in the environs of Leningrad must have 
seen how easily granites disintegrate at their outcrops and in boulders, 
how their minerals are weathered, the rock loses its lustre and pure 
quartz sands accumulate in the form of dunes as remains of the once 
powerful granite massifs. Feldspar disintegrates at the same time. 
The potent agents of the earth’s surface extract the sodium and 
potassium atoms from it and leave a peculiar skeleton of laminated 
mineral forming complex rocks which we call clay. 

At this moment our two friends—potassium and sodium—begin 
their new migrations. Incidentally, they are friends only until this 
moment because after the destruction of the granite each of them 
begins living its own life. Sodium is easily washed out by water; there 
is nothing to retain its ions in the surrounding silt-containing clays 
and sediments. These ions are carried away by streams and rivers 
into large seas where they form the sodium chloride which we call 
common salt and which is the principal initial product of our entire 
chemical industry. 

But potassium has a different fate. In sea-waters we find it only in 
small quantities. There is about the same number of sodium and po¬ 
tassium atoms in rocks, but of one thousand potassium atoms only 
two reach the sea-basins, while the other 998 are absorbed by the soil 
and remain in silts and in the sediments of marshes and rivers. The 
soil absorbs potassium and this constitutes its miraculous force. 



Across the salt bed of Lake Baskunchak 
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Academician K. Cicdroit/,, well-known soil scientist, was the first 
to divine the g(‘ochcmical nature of' the soil. He found in it the parti¬ 
cles which retain difTerent metals, especially potassium, and demon¬ 
strated that the fertility ol‘ the soil in large measure depended on the 
potassium atoms which are so lightly and so loosely connected with 
it that each plant cell could absorb these atoms and make use of 
them for its own life. And it is by absorbing these lightly-bound, 
seemingly free-hanging, potassium atoms that the plant develops its 
spn)uts. 

Research has show'ii that the roots of plants readily extract potassium 
together with sodium and calcium. 

Plants cannot live without potassium. We do not know' yet why 
they cannot nor what i3art potassium plays in the plant organism, 
but experiments have shown that without potassium the plants wither 
away and die. 

Incidentally, it is not only plants that need potassium; the latter 
also forms an essential part of animal organisms. Thus, for example, 
the muscles of man contain more potassium than sodium. Especially 
large amounts of potassium arc contained in the ])rain, the liver, the 
heart and the kidneys. It w'ill be noted that potassium is particularly 
important during the growth and development of the organism. The 
human adult requires much less potassium. 

Potassium begins one of the cycles in its migrations from the soil. 
It is extracted from the soil by the roots of plants, is accumulated in 
their dead remains, partly 
passes into the organism of 
man or animals and is again 
returned with the humus 
to the soil from which it 
was extracted by a living 
cell. 

The greater part of potas¬ 
sium travels precisely this 
route, but individual atoms 
manage to reach large oceans 
and together w'ith other .salts 
to determine the salinity 
of sea-water, though the 



Hvaporatifif; pools at the Saki Salt-Works in 
the Crimea. The brine rich in potassium and 
bromine is evaporated here 
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latter contains 40 times as many atoms of sodium as potassium. 

Here is where the secemd cycle of tlie migrations of potassium atoms 
begins. 

When large regions c)f oceans l)egin to dry out ]:)ecause of the move¬ 
ments of the earth’s crust they give rise to separate shallow seas, lakes, 
firths, lagoons and bays, and form salt-lakes like Lake Saki or the 
lakes near Yevpatoriya on the Black Sea coast. On hot summer days 
water evaporates so greatly that the salt precipitates, is carried ashore 
by weaves and sometimes accumulates on the bottom of absolutely 
dry lakes in the form of a glittering white sheet. It will be observed 
that the salts precipitate in a certain sequence: calcium carbonate 
crystallizes first and is followed by gypsum (calcium sulphate) and 
sodium chloride, i.e., common salt. A brine which is greatly saturated 
with salts and which is known as ‘‘rapa” in the South of the U.S.S.R. 



Harvesting in helds fertilized by potassium. ph<)splif)rus, and nitro^»en s.ilts 
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remains; this Irnne contains scores of per cent of various salts and, 
especially, salts of potassium and magnesium. 

Potassium happens to be even more mobile than sodium; the prop¬ 
erties of its large spherical atoms manifest themselves and it continues 
its migrations until an even hotter sun evaporates the lakes to the 
very end, until white and red potassium salts are precipitated on the 
surface of salt deposits; it is in this manner that potassium deposits 
are formed. 

Wry large accumulations of potassium salts, which man so badly 
needs for industry, sometimes form in the earth’s crust. Here it is no 
longer the mysterious forces of the soil and not plants that determine 
the route to be travelled by potassium; nor is it the southern sun that 
accumulates it on the shores of salt-lakes; here in industry it is man 
himself who is the agent of the new and enormous cycle in the migrations 
of its atoms. 

Studying the role of potassium and phosphorus in plants Justus 
Liebig, one of the greatest German chemists, uttered the following 
winged words about loo years ago: “Our fields cannot be fertile without 
these tw'o elements,” An idea, fantastic for its time, crossed his mind; 
it occurred to him people should fertilize their fields by artificially 
introducing various salts—potassium, nitrogen and phosphorus—into 
the soil after estimating the amounts the plants could utilize. 

His idea was met with distrust by the farming people of the middle 
of last century; it was considered a “scientist’s fancy,” especially since 
the saltpetre, which was brought by sailing vessels from South 
America and which he proposed for utilization as fertilizer, w'as ex¬ 
cessively expensive and found no market. Sources of phosphorus 
w'cre unknt)wn, while the grinding of bones proposed by laebig yielded 
extremely costly fertilizer. People did not know- how to make use of 
potassium and only rarely collected the ashes of plants and strewed 
them over the fields. I'he farmers of the Ukraine have long been burning 
the remains of maize stalks and scattering the ashes, thus obtained, 
about the fields; the significance of these ashes to the crops occurred 
to them spontaneously w^ithout the aid of science. 

Many years have passed since then and problems of fertilization 
have acquired great importance in all countries; fertility of the soil 
now^ largely depends on whether man is able to introduce into the 
soil sufficient amounts of the substances w'hich the plants have extracted 
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from it and wliich man has taken away from the fields in the form 
of grain, straw and fruit. It now appears that potcissiurn has become 
one of the most necessary elements of farming. 

Suffice it to say that in 1940 such countries as Holland used up 
to 42 tons of potassium oxide per hectare. True, this figure is much 
low'er in other countries; only about four tons per hectare is used in 
America. 

And mankind has faced the problem of finding large depc»sits of 
potassium salts, of learning to extract them and to manufacture fertilizer 
from them. 

Germany long owned the world’s potassium industry. Deposits of 
the famous Stassfurt salts were discovered on the eastern slopes of the 
Harz Mountains and hundreds of thousands of trainloads of potassium 
salts were transported from North Germany to all countries. 

The other countries, for which farming was a question of vital im¬ 
portance, could not put up with it. North America spent a lot of time 
and energy before it found a small potassium deposit. The French 
made some headway by discovering potassium in the Rhine Valley; 
while potassium was being searched for the potassium minerals of the 
igneous rock I'ound in Italy were made use of. But all this was in¬ 
significant compared with the amounts required by the exhausted soils. 

Russian explorers tried for many years to find potassium deposits 
in Russia. Individual conjectures proved fruitless until the persistent 
work of a whole school of young chemists supervised by Academician 
N. Kurnakov resulted in the discovery of the world’s largest potassium 
deposits. The discovery was accidental, but accidents in science are 
usually the result of long and laborious preparation, while the “accidental 
discovery” is nearly always merely the last step in the lengthy struggle 
for the effectuation of a definite idea and a reward for a protracted 
and persistent search. 

This also holds true of the discovery of potassium. Academician 
Kurnakov had studied the country’s salt-lakes for many decades and 
his mind persistently searched for the remains of the ancient potassium 
lakes. While working in the laboratory on the composition of salt from 
old Permian salt-works Nikolai Kurnakov noticed in some cases a 
high potassium content. 

On a visit to one of the salt-works he observed a small piece of brown- 
red mineral which reminded him of the red potassium salts, the car- 



nallites of the German deposits. ^ 

'IVue, the personnel of the salt- 
wc)rks were not sure where this 
piece had come from and whether " 
it had not been from the collection 
of the salts they had received 
from Germany. But Academician 
Kurnakov took the piece, put it in 
his pocket and went to Leningrad. 

LIpon analysis he found much to 
everybody’s surprise that the piece 
was potassium chloride. 

"i'Ju* first strike was made, but 

that was not enough; it was still 

necessary to prov^e that this piece 

of ptitassiurn had come from the 

entrails of the Solikamsk earth and 

that there were large dei>osits there. | 

A liole liad to be bored, sf)ine salt | 

extracted under the difficult condi- ^ 

. 1' 1 • 1 • Acnticmician Nikolai Kijrnakf>v 

tions oi the twenties and its coin- (1860-1941) 

position studied. 

P. Preobrazhensky, one of the 

most prominent geologists of the C^eological Committee, undertook 
to do the work. He pointed out the necessity ol* boring deep holes, 
and soon these holes reached thick layers of potassium salts, thus 
opening a new era in the history of potassium over the entire surface 
of the earth. 
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Now that several decades have passed since this discovery the pic¬ 
ture of distribution of the potassium reserves among all countries 
of the world has com]detely changed. We find the greater part of 
these reserves in the Sox'iet Union; in terms of potassium oxide C^erman^- 
owns only 2,500 million tons, Spain - 350 million, France—285 million, 
while America and the other countries have very little potassium. Not all 
ol the j>otassium deposits in tlie Soviet Union have been studied, however. 

It is quite prol>able that the U.S.S.R. will soon increase its reserves 
and new pictures of potassium migration in the ancient Permian seas 
300 to 40fi million years ago will be revealt'd. 



'riiis distant past in the geological 
history of onr country is now 
pictured as follows: I'lie an¬ 
cient IVrniian Sea covered the* 
entire Kast of the Kuropean jiart of 
the Soviet Union. 'Fliis sea was the 
shallow southern portion of tin* 
ocean that spread over the country 
from the North. Its separate bays 
and gulfs reached Arkhangelsk on 
the Wliite Sea and Novgorod. In 
the Kast the sea bordered on the 
Urals, while in the southwest its 
arms stretched as far as the Donets 
Basin and Kharkov. In the south¬ 
east it reached far south to the 
regions ol the Caspian. Some scien¬ 
tists even believed that in tlu* 


Geologist P. Preobrazhensky (.874-1944) lx's**!”''*)? existence e.nr 

RiLSsian Permian Sea merged with 
the great 'Phetis Ocean which 
engirded the earth in the distant past of the IVrmian epoch. This 
large ocean gradually grew shallow forming separate lakers alotig 
its coast, while the humid climate was rej)laced by the winds and 
the sun of the deserts. 


I’he yc.)ung Urals Mountains were bcung destroyed by powerful 
hot winds; everything was being moved to the shores of the dying 
Permian Sea. The sea was receding to the south. CA psuin and common 
salt were accumulating in the lakes and firtlis in the north, while the 
content of potassium and magnesium salts was increasing in the south. 
The brine which man obtains artificially in the .sedimentary basins, 
for example the Saki Lake, was accumulating in the southeast. Separate 
shallow seas and lakes saturated with residual salts of potassium and 
magnesium were thus gradually formed. 

Deposits of potassium salts began to accumulate. Separate potas¬ 
sium deposits hidden under the soil stretch from Solikamsk to the south¬ 
east LTals. Every where the bore holes run into powerful underground 
lenses of common salt overlaid by potassium salts. 





Sylvinicc. a rock consisting of layers of sylvitc and halite. Solikamsk deposit 


A small piece of brown-red salt noticed by the keen eye of a scientist 
in the laboratory of the works thus led to tht^ solution of one of the 
greatest problems, the problem of potassium. The country^ was now 
in a position not only fully to provide the fields with fertilizer and 
to increase their yield, but also to create a new potassium industry 
and to produce the most diverse potassium salts so indispensable to 
chemical production. These are potassium hydroxide, carbonate, 
nitrate, perchlorate, chromate and other diverse compounds increasingly 
used in the national economy. Large amounts of magnesium arc 
obtained as “waste products” along w^ith potassium; a lustrous light 
metal is isolated from these waste products by electrolysis, while one 
of its alloys, known as “electron,**’*' opens a new page in the field 
of railw’ay and aircraft construction. 

The alloy electron should not be confused with the? electron which is a 
particle of negative electricity; this is only an accidental coincidcnc<‘ of terms. 
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The country’s agrochemists arc now realizing their dream of pro¬ 
ducing enough potassium oxide in order fully to provide our fields 
with this valuable substance and to increase their yield. 

Such is the history of potassium in the earth and in the hands of 
man. 

But this clement has another small feature to which w'e should turn 
our attention. Curiously enough one of the isotopes of potassium 
possesses radioactive properties (very weak, to be sure), i.e., it is 
unstable; this isotope emits various rays and changes to atoms of 
another substance, which in subsequent groupings forms atoms of 
calcium. 

This phenomenon could not be demonstrated for a long time, but 
it turned out later that this very potassium-40 really played an im¬ 
portant part in the life of the earth because considerable amounts 
of heat were liberated during the transformation of the unstable potas¬ 
sium atoms into atoms of calcium. Soviet radiologists have estimated 
that at least 20 per cent of the heat formed in the earth under the 
influence of atomic disintegration is produced by the salts of potassium 
and, hence, the enormous role played by the disintegration of the 
potassium atoms in the thermal resources of the earth. 

Naturally, biologists and physiologists tried to find out the im¬ 
portance of the.se properties to the life of the plant itself and gave 
expression to the idea that the miraculous and as yet incomprehensible 
love of the plants for potassium was due to the fact that by their ra¬ 
diations the atoms of potassium exerted some special influence on the 
life and growth of the cell. 

Many experiments were conducted in this direction but so far 
they have failed to produce any definite results. These disintegrating 
atoms of potassium and their radiations in all probability play a 
significant part and arc responsible for a number of peculiarities 
in the growth and development of the living cell and of the whole 
organism. 

Such are the pages from the geochemistry of potassium, this odd, 
migrating chemical element. Such is the history of its migrations and 
cycle on earth. 

A similar story of migrations in the interior of the earth, on its sur¬ 
face and in indu.stry can be told about every chemical element, but 
for many of them individual stages in their history still escape the 
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scrutiny of the investigator; only separate historical excerpts can 
now be written for many elements, and it is up to the geochemist 
of the future to combine them into a harmonious and consistent story. 
The history of potassium is more obvious because all the epochs in the 
life of this important element are clear to us. 

Not only do w'c know' its history, but we also have in our hands a 
powerful instrument for finding its deposits and for the technology 
of its use; the only thing that is still mysterious to us is the role it 
plays in the living organism, perhaps the most interesting and most 
important page in its history. 



IRON AND THE IRON AGE 



Iron is not only the main mrtal in nature; it is the basis of culture 
and industry, the instrument of war and of peaceful labour. It would 
be hard to find in Mendeleyev’s Periodic 'I'able another element so 


bound up with the past, present and future Ibrtuncs of man. Pliny 
the Elder, one of the first inineraloii^ists of ancient Rcane, who died 
in 79 A. D. during the eruption of \ esuvius, smothered by “the ashes 
and dust erupted by a fire-breathing mountain” as the Russian miner¬ 
alogist Vasily Severgin wrote about him more than loo years ago, 
expressed himself very beautifully about iron. 

In his fine translation we read some brilliant pages from the history 



of iron as it occurred to Pliny: “Iron 
ores give man an excellent and at the 
same lime a most harmful instrument. 
It is by means of this instrument 
that we till the earth, plant bushes, 
cultivate fruit-bearing orchards and 
by shearing wild vines make them 
grow' younger witli each passing year. 
It is also with this instrument that w'c 
build houses, crush stones and use 
iron for many similar purposes. But 
it is with the same iron that we fight 
battles and loot; and w'e u.se it not 
only close-by, but also throw it by 
strong hand or shoot it in the form 
of feathered arrows. The contrivances 


Alchemical symbol for iron used ^hc human mind arc, in my 

in the Middle Ages opinion, the most vicious thing. In 
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Picture of an old iron works (19th century) 


order that man be killed the sooner, death has been given wings and 
feathers have been attached to iron. Man alone and not nature is 
to blame for this.” 

Since about the fourth millennium B. C., when man first mastered 
this metal, the struggle for iron has never ceased in the history of man. 
In the beginning man may have picked up the stones that fell from 
the sky (meteorites) and made his wares from them, like the Aztecs 
of Mexico, the Indians of North America, the Eskimos in Greenland 
and the inhabitants of the Near East. It is not without reason that 
the ancient Arab legend tells us that iron is of celestial origin. In the 
language of the Copts it is even called “sky-stone”; reiterating the 
ancient Egyptian legends the Arabs used to say that drops of gold 
fell from the sky to the Arabian Desert; on earth this gold changed 
to silver and then to black iron as punishment to the tribes that fought 
for the possession of the heavenly gift. 

It was a long time before iron could be extensively used because 
it was difficult to smelt it out of the ores and there were very few stones, 
i. e., meteorites, falling from the sky. 
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Only in the first millennium A. D. did man learn to smelt iron ores 
and the bronze age was replaced by the iron age which in the history 
of culture has lasted to-date. 

In the complex history of the peoples the struggle for iron, as also 
for gold, has always played an enormous role, but neither the medieval 
metallurgists nor the alchemists could gain real mastery over the 
metal; man began to master iron only in the 19th century, and it 
gradually became one of the most important metals in industry. As 
metallurgy developed, the small primitive iron-smelting furnaces 
were replaced by blast-furnaces which gave rise to giant metallurgical 
plants with a capacity of thousands of tons. 

The iron-ore deposits have become the basis of the wealth of indi¬ 
vidual countries. The enormous iron reserv'cs of several thousand 
million tons in Lorraine were the reason for the struggle among the 
capitalists. We know that in the seventies of last century France and 
Germany fought for the possession of the vast ore reserves of the 
Rhine deposits. 

We witnessed the episodes in the struggle between England and 
Germany for Kiirunavaara, this remarkable mine in Polar Sweden 
that annually yields up to 10 million tons of excellent iron 

ores. We know how Russia 
gradually discovered and mas¬ 
tered her iron resources be¬ 
ginning with Krivoi Rog and 
the Urals and all the way up 
to the large iron reserves in 

the deposits of the Kursk 

Anomaly. 

The numerous deposits in the 
Soviet Union create the might 
of the country’s industry by sup¬ 
plying it with metal for rails, 
bridges, locomotives, agricultural 
machinery and other tools for 
peaceful labour. The figures of 
annual pig iron and steel 

production now run into many 

millions of tons. 



A blast-furnace at the Magnitogorsk Plant 
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In the struggle for metal new ways 
for the development of modern metal¬ 
lurgy can already be discerned. 

Iron and steel are often replaced 
by new varieties of high-grade steel, 
and the rare metals—chromium, 
nickel, vanadium, tungsten and nio¬ 
bium—added to the alloys in amounts 
of tenths of one per cent enhance 
the properties of the metal making it 
hard, unyielding and stable. 

In an effort to improve the proper¬ 
ties of metal and to obtain new 
chemical reactions in the enormous 
blast-furnaces and foundries man is 
solving one of his basic problems in 
the fight for iron. Iron is slipping 
from the hands of man; it is not gold 
that accumulates in the safes and banks 
and only an insignificant part of which 
is lost. Iron is unstable on the surface 
of the earth, in our surroundings; we 
know ourselves how easily it rusts. Suffice it to leave a piece of wet 
iron in the open and we soon find it covered with rusty spots; should 
we fail to cover an iron roof with a coat of oil paint, rust will cat out 
big holes in the iron inside of a year. In the earth we find iron tools 
of the old ages transformed into brown hydrous oxides; spears, arrows 
and armour are all ruined, subject to the great chemical law of iron 
oxidation under the influence of the oxygen contained in the air. 
Man is now facing a task of exceptional importance, the task of .safe¬ 
guarding his iron. 

Man not only improves the qualities of metal by the additions I 
mentioned, but also covers iron with a coating of zinc or tin, changing 
it to white metal; man chromium-plates and nickel-plates various 
parts of machines, covers the metal with different paints and treats 
it with phosphates. Man uses various methods to prevent the iron 
from oxidation by the moisture and oxygen in our surroundings. And 
we must say this is no easy matter; he invents new methods using 



Geode of limonitc (brown hema* 
tite) from the Bakal Mine in the 
South Urals. It was formed by dis¬ 
integration of iron carbonate (side- 
rite). Collection of the Sverdlovsk 
Mining Institute Museum 
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zinc and cadmium and replaces tin by other metals. But the 
natural chemical processes occur spontaneously and the more 
iron man extracts from the entrails of the earth, the more he 
develops his ferrous metallurgy, the greater will be the need for 
safeguarding this metal. 

How strange it seems to speak about s;il'egu*irding iron when there 
is so much t)f it around. Meanwhile, geological congresses were held 
recently and having estimated the iron reserves geologists pointed 
at the impending iron shortage; they predicted the exhaustion ol' the 
world deposits in 50 to 70 years and said man would have to replace 
this metal by another. They .said concrete, clay and sand would replace 
iron in building, industry and life. However, time marches on, the 
date set for the exhaustion of the iron reserves should be drawing 
close, but the geologists arc discovering ev(T new iron deposits. The 
iron-ore resources in the Soviet Union fully satisfy the needs of industry 
and there seems to be no end to the discoveries r>f new irem deposits. 

Iron is cme of the most important metals in the universe. We see 
its lines in all cosmic bodies; they sparkle in the atmospheres of the 
hot stars; we see atoms of iron stormily moving across the .solar surface; 



Iron mining in the Vy.sokaya Gora Iron Aline near Nizhny TagiJ in the UraJs (Sverd¬ 
lovsk Region) 
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Pouring stcci at a modern metallurgical plant 


every year they come falling down on earth in the form of fine cosmic 
dust and iron meteorites. Large masses of native iron fell in the State 
of Arizona, in South Africa and in the basin of the Podkamennaya 
Tunguska (U.S.S.R.). Geophysicists assert that the entire centre of the 
earth consists of a mass of nickeliferrous iron and that our earth’s 
crust is a scale similar to the glassy slags which run out of a blast¬ 
furnace during the smelting of pig iron. 

But the enormous reserves of iron found in the cosmos or the deposits 
contained in the interior of our planet arc as yet inaccessible to in¬ 
dustry; we are living and working on a thin film of earth, and met¬ 
allurgy must depend only upon the few. hundred metres below the 
surface from which modern mining is able to extract iron ores. 

Meanwhile geochemists reveal the history of iron. They say that 
even the earth’s crust contains 4.5 per cent iron and that the only 
metal of which there is more than iron in surrounding nature is alu¬ 
minium. We know that it is a constituent of the molten masses 
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of the lakes into which the waters ilow, 
involving special iron loactcria. Iron ores 
have thus accumulated in marshes and on 
the bottom of seas all through the long 
geological history of the earth, and there is 
no doubt that in a number of cases animal 
and plant life has exerted its inlluence on the 
formation of these deposits. 

'I’his is the way the large Kerch deposits 
were Ibrmed; the enormt)us reserves of iron 
ores in Krivoi Rog and in the Kursk 
Magnetic Anomaly were, in all probability, 
also formed similarly. 

'I'he t^res of these two last deposits were 
formed l)y the waters t>f ancient seas so long 
ago that the hot breath of the earth's interior 
has been able to change their structure, and instead of the brown 
hematite we find in Kerch, we see here altered l)lack iron ores 
consisting of hematite and magnetite. 

'riie migrations ol' iron on the earth's surface never cease. True, 
very little of it accumulates in sea-water and it is rightly said that this 
water contains practically no iron at all. However, under special, 
exceptional conditions lerruginoiis sediments, even entire iron-ore 
dejKJsits, Nvhich are encountered in a number of ancient sea layers, 
are formed in the sea and in shallow bays. Our I'amous iron-ore deposits 
near Khoper and Kerch in the Ukraine and near Ayaty in the Urals 
were thus formed. But iron is migrating everywhere—in streams, 
rivers, lakes and marshes—and plants always find this important 
chemical element without which they cannot live. 

Try and deprive a pot of llowers of its iron and you will soon sec 
that the flowers lose their ct)lours and odour, and that their leaves 
turn yellow and begin to wither away. The lile-giving clilorophyll, 
which imijarts the power to the living cell and which extracts the 
carbon from carbon dioxide by giving up the oxygen to the air, can¬ 
not exist without iron because it cannot be formed without it. 

The cycle of iron on earth is, thus, completed in plants and in other liv¬ 
ing systems, and the red corpuscles in the blood of man are one of the last 
stages in the migrations of this metal without whicli there can be no life. 



Old cncraviiiJl d.uinc tiA»m 

140'^. M.iqnctit* iron 
pull ilu* nails «>ut of ihc 
ship, and the ship <\nk< 


STRONTIUM—METAL OF RED LIGHTS 



Is there anyone who has never seen beautiful fireworks with their 
red sparks which slowly fade in the air and are replaced by similarly 
brilliant green lights? 

Thousands of bright red, green, yellow and w'hite lights, revolving 
suns and hissing rockets of the fireworks let off during our major holi¬ 
days, play in the air and scatter the darkness of the . night. Similar 



Salute in Leningrad 
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red flares go up in the air from ships at times of grave danger; they 
are dropped from planes for night signalization and they talk with 
each other in their coded language during preparations for night 
attacks and bombings. 

V'erN' few people know how these bright “Bengal” lights, which 
have got their name from India, .‘re made; there, while conducting 
religious serv^ices, the priests inspired fear in the worshippers by sud¬ 
denly lighting mysterious ghastly-green or blood-red lights in the 
semi-darkness of their temples and houses of prayer. 

Not everybody knows that these lights are obtained from the salts 
of strontium and barium, the two peculiar heavy earths that could 
not be told apart for a long time until it was observed that in fire one 
of them shed a bright red light and the other a greenish-yellow. Soon 
afterwards man learned to produce volatile salts of these two metals, 
mix them with potassium chlorate, coal and sulphur, and from this 
mixture to press little balls, cylinders and pyramids with which the 
sky-rockets and the tubes of the fireworks are filled. 

Such is one of the last pages in the long and intricate history 
of these two elements. I should probably bore you if I told you 
in detail about the long route travelled by the atoms of strontium 
and barium from the molten granites and alkaline magmas in the 
earth’s crust all the way to the industrial enterprises which refine 
sugar, produce defence equipment, make metal or manufacture 
fireworks. 

I must tell you that I read a remarkable story about the minerals 
of strontium written by a Kazan scientist and published in a Volga 
new'Spaper while I w’as still a student of Moscow' University. This 
talented mineralogist described how' he and one of his friends collected 
beautiful blue crystals of celcstite on the banks of the Volga. He related 
how' dispersed atoms gave rise to these blue crystals in the Permian 
limestone, what properties they had and what their uses were; this 
story imprinted itself upon my memory' so vividly that I remembered 
for many long years the blue mineral celestite w'hich had got its name 
from the Latin w'ord caelum^ meaning sky, for its beautiful sky-blue 
colour. 

To find this stone w'as my cherished dream for a long time; in 1938 I 
was, finally, lucky enough to find it when I least expected it and I 
recalled this remarkable story. 
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I was convalescing in Kislovodsk i^Xorth Caucasus). After my serious 
illness I was still unable to climb mountains tliough I was irresistibly 
drawn to rocks, quarries and dills. 

A beautiful l)uilding of a new holiday home was being erected near 
our sanatorium. It was being decorated by pink volcanic tulf brought 
from the village of Artik Armenia^ and. therefore, named Ariik lutf. 
The fence and gateway were being made of a yellowish dolomite in 
which lovely patterns and ornaments were hewn. 

I fell into the habit of visiting the building and \\'alching the work¬ 
men skilfully hew the soft dolomite stone and knock olT separate iiard 
pieces. “In this stone we sometimes find harmful hard nodules," said 
one of the workers. “We call them stone disease because iliey get in 
the way of hewing; wc break them otV and throw them into that pile 
there." 

I went over to the pile and in one of the broken nodules saw a small 
blue crystal: why, that was real celestitel It was a hivcly transparent 
blue needle, like a light sapphire from Ceylon, like a light sun-faded 
cornflower. 

I borrowed a hammer from one of the workers, broke up se\*eral 
nodules and was struck dumb with delight. Before me were crystals 
of celestite. Blue brushes of them lined the cavities inside the nodules. 
Among them were white transparent crystals of calciie, while the 
nodule itself was 1‘ormed by quartz and grey chalcedony, a dense 
and strong setting for the celestite necklace. 

I asked the workers where the dolomite for the building was quarried 
and was shown the way to the quarry. Early in the morning two days 
later we drove along a dusty road to the dolomite quarry. Our route 
ran along the stormy little Alikonovka River, past the beautiful build¬ 
ing of the “Castle of Love and Perfidy." Ehe valley grew narrow 
and changed to a gorge with sleep cliffs of limestone and dolomites 
hanging like cornices over our heads. Soon wc perceived the quarry 
with enormous boulders and fragments of lateral rock. 

We had no luck at first. The large nodules, we spared no effort 
to break up, contained small crystals of calciie and rock crystal or 
stalagmilic masses of white and grey opal and semi-transparent chal¬ 
cedony; finally, we hit the right place. One after another we sorted 
out ores of bright-blue celestite, carefully carried them down, wrapped 
them in paper and again crawled over the clumps collecting the won- 
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dcrf’ul sainplcs. Proudly wc brouj^ht our samples back to th<r sana¬ 
torium, arranij^rd and washed them, but felt wt; did not have enou.e^h. 
In a few days wc were off in our little cart ajL^ain in quest of cclestite. 

Our room was filled with boulders of dolomite containinj^ blue 
eyes; the director of lh<* sanat<3ri\tm watchc^d us reproachfully, but 
we kept bringinjr everr n<*w satnph^s. Our behaviour intrigued some 
of our sanatorium neighbours. Kveryl>ody took an interest in the ]>lue 
stones; some f>f them even fbllowcrd us to the di>lomite quarry and 
also brought back very gtK>d samples just to make us envious. But 
nobody could understand what wc collected those stones for. 

One very dull autumn evening some of our fellow-patiemts at the 
sanatorium asked n^e lt> tcdl them about these blue sU)nes, why they 
were formed in the yellow Kislovodsk dolomite and what good they 
were. We gatherc*d in a cozy room, I spread the samples before my 
listeners and somewhat <‘m]>arrassed by this uncxj>ectcd audience, 
in which man\’ had no kiiowlc‘dge of crithcr chemistry or mineralogy, 
began my story. 

. . .Way back, many, many millions of years ago, the. Upper Jurassic 
Sea rolled its waves to th<‘ mighty' C^aucasian M<>untains. The sea 
now' rece ded and now again inundated the shores, eroded the granite 
cliffs and deposited along the shor<-s the fine red sand w'hich now 
covers the fjaths near the sanatorium. 

I^arge salt-lakes w'ere forinc'd in the shallow l>ay's and in the stormy'' 
overflowing rivers running down from the rnr}untain peaks of the 
primeval Caucasus, ^rhe Jitrassic Sea receded to the north while 
argillac.c'ous sediments, sands, thin layers of gy'psum and in some 
places rock salt were depcjsited along the shores and on the floors 
of lakes, firths and shallow seas. 

Ckjnlinuoiis layers of dolomite were deposited in deeper places. 
These dolcmiites now form heavy strata of uniform yellow, grey and 
w^hitc colour. 

But how' intricate and varied w^as the fate of this sea, in w'hich these 
sediments were deposited! Numer<>us living creatures swarmed along 
its shores. Here wc could have admired the varicgalt'd picture of life 
which amazes us on the cliffs of the Mediterranean coast and ev'en 
in the w^arm bay's of tlie Kr>la Fiord. 

Various blue-green and purple seaweeds, hermit crabs w’ith their 
beautiful shells, snails and shells of all possible forms and coh>ur 
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inhabited these cliffs, covering them with a particoloured carpet. 
Sea-urchins with their red quills, large five-pointed stars with sinuous 
points and jelly-fish of most diverse forms gleamed in the water. 

Innumerable small radiolarians lived on stones on the floor of the 
sea near the coastline; some of them w'cre transparent as glass and 
consisted of pure opal, others were small white globules no larger 
than one milimetre with a small stem three times the size of the body. 
They were [perched on stones, on beautiful overgrowths of sea mosses 
and sometimes even c<wered the quills of sea-urchins travelling with 
them along the bottom of the sea. 

7 'hesc were the famous radiolarians-acantharia, whose skeletons 
were made of from i8 to 32 needles. For a long time nobody knew 
what they were made of and it was only accidentally discovered that 
they were not made of silica or opal, but strontium sulphate. These 
innumerable radiolarians accumulated in their intricate life’s process 
strontium sulphate, which they extracted from the sea-water, and 
gradually built their crystalline needles. 

The dead radiolarians fell to the bottom of the sea. Thus began 
the accumulation of one of the rare metals which got into the littoral 
W'aters of tite (Caucasian seas from the eroded granite massifs, from 
the white feldsj)ars that form part of the Caucasian granites. 

VVe should proljably never have thought of the existence of these 
acantharia in the Upper Jurassic Seas and it would never have occurred 
to chemists to look for strontium in the pure limestones and dolomites 
of t>ur quarries if another event had not disturbed the calm of the 
old sediments in the Jurassic Seas in those distant times of the geological 
past. 

The Caucasus l)egan to experience new paroxysms of its volcanic 
activity. Molten masses were erupted again, formation of new mountain 
ranges was started, hot vapours and springs began to pour out to the 
surface through cracks and breaks, while the famous laccoliths, the 
Beshtau, Zliclcznaya, Mashuk and other mountains, were coniing 
into l)cing raising layers of Cretaceous and Tertiary rocks in the region 
of Mineralniye Vody. 

The hot breath of tlie earth’s interior saturated the limestones and 
the sediments of gypsum and salts, and the latter formed whole under¬ 
ground seas and rivers of mineral waters; sometimes they w^erc cold 
and sometimes they were still kept w'arm by the breath of the earth; 
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ihrst' waters pierced the cJi)I()iniii*s and limestones in llie old s<*di- 
inents alontc tlie cracks and by their chemical solutions ibreed them 
to rrcr\ stalli/.e and change to th<' beaiitiiul and durable dolomite 
Slone i>l which hous(*s are built. 

Under the inlluence of t'omplex (hemical reactions the minutest 
dispersed atoms of strontium, the remains the ratliolarians-acantharia 
entered the s<^lution and were ai^ain preri]>itatc-d in the cavities of 
the Jurassic dolomites growinir into beautil'ul crystals of blue celcslitc. 

Our celestite i>eotles were gradually formed over a period of many 
thousands of ye ars and now, when cold solutions the earth’s surface 
j^enetrate to theiti, the crystals of celestite fatU\ bt'come ojjaquc, their 
shiny I'atels aia* corroded aitd the atoms of strontium restirne their 
migrations i>ver the <*arth’s surface in cjuest f)f new iind stabler chemical 
compounds. 

riie picture from iht' history of Kishnodsk (th*stiles I have just 
[jaiult'd recurs in many regions of the c<»untr\'. Wherever large sea 
basins disa}>p<‘art‘d and shallow' seas and sali-lak<'s wt'rt' Ibrined during 
the history of the <*artirs crust tlie little globules ot' llu* acantharia 
died and o\er a })t‘rif)d of'scores of millions of'yt‘ais the small needh‘s 
of tlie I'ornierly living acantharia gave rise to small c'ryslals of stron¬ 
tium. 



Skticioii^ of pn>f.o/oa acaiuiiarta, whilst* needles consist itf stronritiin sulphaie 



(-fdJc of tclc>titc split in two pnrts 


riir inDuiitain ranges in C'(*nlral Asia arc e^ngirded hy an unbroken 
ring of celcstite rock; we jiicture to ourselves similar crystals in llic 
most aneieiil Silurian seas in the Vakutian Republic, but the largest 
deposits are connected ^villl the seas of the Permian epoch which 
dept^sited tremendous amounts oi' celesiite in the limestones along 
the \"olga and the Northern Dvina. 

I shall not tell you what subsecjueiilly happens to the crystals of 
celestile in the earth’s crust. Many of them, as wc have seen, begin 
to dissolve again, their atoms gel into the soil, are carried away by 
water, are dissolved in the boundless oceans, are accumulated again 
in salt-lakes and sea firths, f(»rm needles of acantharia again and in 
millit)ns of years will again giN C rise to new crystals of celestitc. 

In this continuous change of chemical processes, in th(‘ complex 
chain of natural phenomena the mineralogist and geochemist grasp 
only separate links. Me must penetrate with his experienced eye, line 
analysis and profound scientific thought into the eomf>lex course of 
migrations of the atom in the universe. From separate passages he 
recreates whole pages and from these pages he compiles llic great 



book of the chemistry of the earth which tells us from beginning to 
end how the atom migrates in nature, who his fellow-travellers arc, 
where it finds its peaceful or restless death in the form of stable cry'stals, 
where the dispersed atoms eternally change, their fellow-travellers 
now entering solutions and now endlessly scattering in the great vast¬ 
ness of nature. 

And the geochemist must get an insight into these intricate migra¬ 
tions of the atom. 

The minutest crystal must lead him like a thread to the beginning 
of the clew. Are we in a position to speak of the beginning of the history 
of strontium atoms? 

Where and how did they come into being in the history of the 
universe? 

Why do the lines of strontium sparkle particularly brightly in some 
stars? What are these lines doing in the rays of the sun and how have 
they come to be there? How has this metal accumulated on the sur¬ 
face of the earth’s crust, how has it collected in the molten granite 
magmas and how has it concentrated together with calcium in the 
white crystals of feldspars? 

All these are questions the geochemist cannot answer. He cannot 
tell you as clearly about this as I have just told you about the blue 
crystals of celestite in the environs of Kislovodsk. And he can tell 
you as little about the last pages in the history of the strontium atom. 

.Man had long paid no attention to it. He sometimes used it for 
his red lights, hut for that he did not have to extract large quantities 
of strontium .salts from the entrails of the earth. Then some chemist 
found a happy use for strontium in the sugar-refining industry'; he 
found that strontium and sugar formed a special compound, stron¬ 
tium saccharatc, and that this compound could be successfully used 
in refining sugar from molasses. Flxtcnsive utilization of this metal 
began and large amounts of it were mined in Germany and Britain. 
But another chemist found that strontium could be replaced by 
calcium which is cheaper. The strontium method proved unnec¬ 
essary and the metal began to be neglected, the mines were closed 
and only here and there were the wastes of its salts vised for red lights. 

Then came the imperialist war of 1914-18, and enormous quantities 
of signal flares were needed. Red, fog-piercing lights proved indispensa¬ 
ble in lighting the spaces that were to be photographed from the air; 
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the carbons of the searchlights were impregnated with salts of rare 
earths and strontium. 

A new application was found for strontium. 

Later metallurgists learned to produce metallic strontium. Chemists, 
metallurgists and manufacturers took a new interest in strontium. 
Like metallic calcium and barium it purifies iron from harmful 
gases and admixtures. 

It began to be used in ferrous metallurgy, and now geochemists 
are searching for its deposits again, arc studying the accumulations 
of strontium in the caves of Central Asia, arc producing its salts at 
large plants and arc extracting it from mineral waters; in a word, 
strontium has again become an element of industry. We cannot tell 
its future fate. We, geochemists, do not yet know either the first or 
the last pages in the history of this metal_ 

That was how I finished my story about the blue stone to iny listeners 
at the sanatorium. 

In their eyes the useless blue crystals were transformed into a part 
of socialist construction. They no longer looked askance at our morning 
trips to the quarry, and even the chief surgeon ceased grumbling 
that we filled the whole room with stones and were violating the 
sacred sanatorium regimen. In a word, celcstite helped us to make 
up again. 

It was then that I decided to write my story about it. It appears 
in my book entitled Recollections about a Stone. 

I advise those of you who were not bored by this essay to read also 
that'little story in order that you belter remember what a fine stone 
our blue cclestitc is. 




TIN MKTAI. OF THE FOOD-CAN 



I'in is a iikkIcsI aiitl s(‘(‘iiiiivi;ly in no way clislinj^nishccl inctal. We 
vei’v seldom h<‘ai* of it in oni* <'V(‘ryday life tlioiii;!! we use it very often. 

The late of this metal is to ser\ t' man under a dilVerent name. 

Hron/.e, while metal, soUler, l)ahl)itu j>rinter\s stone, artillery metal, 
tin-foil, beaiitifnl poreel.ain (aiamt^ls, ]iaints and the like arc some 
of the dilVerent *uul useful things of which many people would never 
think tin forms the nu»st essential et»nstituent. 

I'lus metal is notahh' li>r its remarkable and v(‘ry sinu;ular prop- 
erii<‘s: s»)me of them are still a mystery and are not yet fully under- 
slotul b\' liioi’hemists. 

'The i;raniti‘ maniua which rises from the interior of the (‘arth and 
is rich in siliia pind as it is eust(*marily tailed “acid") is the source 
of tin. Howexcr, tin is f.ir from beini.t Ibund in evt'rv acid inaj’ina, 
ami wo tlo not know yet w hat law t;^overns the bonds of tin with granite, 
wU) it is Ibund in on<' granite and why tluae is hardly any trace of 
it in anothei', seemiuglv the same, granite. 

Another interesting tpiestion is; why iloes not tin, a heavy metal, 
sink in the magma like other heavy metals, because of its gravity, 
but tends to eome up aiul is louiul in tiu' uppeiinost layers ol’ the 
granite massif.’ 

I’he thing is lh.it .unong (he vigi>rous highly \ol.uile vapours and 
gases dissoKod in tlu* m.igma the halogens, thlorim* and lluorine, 
pla\ an imjxHtant jiari. \Vt* know Irom <*xpi'rienct‘ that tin combines 
with tiuse gases exin ,it !*(M»m temperature. In the magma it forms 
very \ol.ilih' eompmmds with lhi‘S(* gases tin chlorides and tin 
fluorides. And in this gaseous state (in together with ollu'r volatile 
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llu»s<* (»( silitoii, sodium, litliiiim, lH*rylliiim, boron ;iiul 
oiluus, niuki'S its \v;iy to (In* upper /.ou<* <»!* llic ^rauilc inassii and even 
Ix'yoml it into the cr'arks in the surface rocks. 

He *!‘e uudc’r dilferc'ut pinsie<»-eheuueal eonditious tiu' tin ehloride 
and tiu fluoride rc'aet with water vapours. I.eaviuj^ its loriu<*r ear- 
ri<*is tiu (oiiihiiic's with the* o\yj;<‘U it takes uf» from the* wat<*r and is 
now no longer liberatc'd in the* i;as<*ous slate, bnl in the form of a hard, 
sliiny mineral called cassiteritc* or tinstone', which is the' princi¬ 
pal industrial tin ore. Many othc'r intc'rc'stini; minerals arc' somc'timc''; 
lilx'iatc'd to!.'c*thc-r with eassil<*rit<*; thc-sc* include* topaz, smoky cpiartz, 
l)e*ryl, lliior-spar, tourmaline', wolframite*, molyhelc-nite, ete. 

VVe* fc>und e»ul cpiitc* rc*ee*utly that lar^e* deposits oi e'assitc’iite' arc* 
formc'd not only from \<ilatile' haloid compounds of the* ipanitc* mat^ma. 
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They also arise at later periods in the hardening of the granite residue 
when the water vapours arc transformed into liquid w'aicr w'hich trans¬ 
ports compounds of various metals far away from the maternal centre; 
these compounds are mostly sulphides - sulphur compounds. There 
is a good deal in these processes we do not understand as yet, but 
w'e do know that tin is carried out f)f the magma also in this manner. 
It is remarkable that having used sulphur as a carrier this time tin 
abandons it as it formerly did the halogens and combines with oxygen 
again forming its favourite mineral - cassitcritc. 



Granite 
CU Copper 

AU Gold 

W Tungsten 

Sn Tin 
SnOg Cassifen'/fi 

Nb ttiobium 

Ta Tantalum 

TR Care-earth 
elemen/s 


Z n Zinc 
Pb lead 

Diagram of distribution of tin and its fellow-travellers in the upper part of 
a granite massif 


We know that tin also forms part of many other minerals, l)ut all 
of these are very rarely encountered (some—exceptionally rarely) 
and arc of no industrial importance. Cassiterite, SnOg, which con¬ 
tains about 78.5 per cent pure tin, has alw^ays been the only tin 
ore. 

Cassitcritc (from the Greek word cassiteros —tin) is mainly a black or 
brownish mineral. Its black colour is explained by admixtures of 
iron and manganese. It is rarely honey-yellow or red and still more 
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rarely colourless. 1 is crystals are 
usually very small. Because of its 
hardnes.s, chemical stability and 
i^ravity cassiterite clocks iir>l clisintc- 
j^raie and is not dispersed duriiijtj 
weathering, hut accumulates with 
other heav)' minerals on the sites 
of Si^ranitc destruction, i.e., in 
river-beds or on sea coast, some¬ 
times forming vast placer deposits 
of tinstone. 

Cassiterite is, thus, oljtained 
from primary and secondary de¬ 
posits. 

Whatever way the tin ore is 
obtained, first of all it goes through 
a process of concentration, i.e., it is 
purified from various admixtures, 
after which it is smelted. At this 
time the tin is r<‘duced by the carbon 
of the fuel. Combining with carbon oxygen is liberated as carbon 
dioxide, while pure metallic tin remains. 

Pure tin smelted from cassiterite is a soft, silv'ery-whiie (a. little 
duller than siKht) malleable metal. 'I'lie capacity r>f‘ tin to l>e rolled 
into thin sheets is remarkaljle. 'Pin melts at 231 C'. 

Tin has very many peculiar properties. It is known to be ;ible to 
yell, i.e., to jjroduce a special characteristic sound when Ijcnt. Another 
singular, though far from indifferent, feature of this rneial is its si*n.sitiv- 
ity to cold. Out in the cold tin takes sick’, from silvery-whilc it turns 
grey, iiicrea.ses in volume, begins to crumble and not infrt^quently 
breaks up into a powder. This is a serious disea.se and it iscalh^d ‘‘tin 
plague.” This disease has ruined many a tin object i>r great artistic 
and historical v^alue. Sick tin may infect healthy inctal. Fortunately 
tin plague can he cured. The metal must be res melted and slowly 
cooled. If this f^jjeration (especially cooling) is performed sufficiently 
thoroughly tin resumes its former appearance and properties. 

In the v-ery distant past it was preciseh' tin that gave a powerful 
impc?tus to the cultural development of man. Man has known tin for 
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I icIJ oF tin-bcarin« s.mJ> »)ii Maiaccn Peninsula. VC'ashctl by hyslromoiiiinr (.water 
^nn). W'ashed mini flows nlonc tliichcs. T<>b<>rc Baliui Mine (1940) 


a very loii^ time and was able to smelt it five or six thousand years 
li. C., i.c., long before he learned l<» .smt'lt and proeess iron. 

Pure tin is a soil and weak metal, and is unfit for manufat tui f‘. 
But “bronze" : I'rom tht‘ Pt^rsian word hrontpsion^ nu*aning alloy), a 
gold-coloured all<»y <-onsisiing of eojipt'r and 10 j>er cent tin, is known 
for its line propi-ri i<’s: it is hardi*r than eo|)f3er, is easily east, forged 
and processed. If we designate llte hardness of tin liy th(‘ conventional 
number rjf copper will ha\"e a hardness of 'jo, while, brtinze, an alloy 
with a small amount of tin. will havt! a hartlnc'ss of too to 13^^* Because 
of lliese qiialitit's bronzt' was so widesprf'iid in its linu' tlial arehac*- 
ologists e\*en distinguish a spc'cial t'p<jch the Bronze Age w'hen 
work-tools, arms, honsewari's and d<'ef>ralions w^ere made mainly 
of brtjnze. How man discover<*d this remarkable alloy we do not know. 
It is possible that man rt*j>eatedly snielU'd copper ore w’ilh an admixture 
of tin (vve do <'neouiil<'r suc h ‘‘complex” depf>sits of copper and tin), 
finally noticed llie rt'sult of this joint siru'lling and grasped its signifi¬ 
cance. 

louring excavations of* ancient settleiiK'nts archaeologists very fre- 
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qiiirnlly find \vt*ll-prcscrv(*d hronzr- 
wares- h()usehr)Id utensils, coins and 
statucHtes. If it is necessary to know 
whether tliese hronze-vvares are local 
nr imported a cheniical analysis of* 
the ohjecis can jjrovidc valuable 
inforniation. 

Ancient metal was ver\' imperft'clly 
refined, and by modern exact methods 
analysis we can delect in it many 
different elements in lh(‘ form of in- 
sis^nificantadmixtures imjniiilies. The 
composition of these impurities some¬ 
times oflers a clew to tln' de]>osits 
where* tlie ('opfier and tin used in this 
bronze were obtained. If the historian 
or archaeologist definitely ])rove 
that the found bronze articles were 
Tiianui'actured wlicrc they were found 
‘.lie geologist and the geochemist must 
inmedialely start looking for fin in that region. It is possible in 
diis way to rediscover long forgotten tin deposits. 

lint bronze did not h)se its importance even when tfie Hrfnize Age 
was replaced by the Iron Age. Man used it for objects (»f art, for minting 
coins and for casting chnrch-bells and cannon. 

I’in can also form remarkable alloys with other metals, l(>r example, 
with lead, antimony, etc. 

Ill f)ur time alloys are a sphere of technical woiuh^rs, a world of 
'bnagic” transformations. .Soviet scientists have come to know and 
interpret these ‘■wonderful” phenomena, the.se regroupings of atoms 
which occur when two or more metals are alloyed. Owing to the changes 
in molecular structure the alloy acquires new j)ro]>erlies alie n to each 
of the metals taken separateK . f or example, an alloy of soft metals 
often unexpectedly becomes ver\ hard. 

Alloys of' tin and lead, so-called babbitts, arc used in powerful and 
precision apparatus and in machineiy, wherever the action of a steel 
rod rcv^olving at an eimrmous speed must be rendered harrnlc.ss. These 
so-called “antifriction” allo\s are very durable (lh<*y are said to have 
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a low friction coclluit'nt). 'rhey are very important n c hnically because 
they prolong the life of costly machinery. 

Tin possesses the remarkable capacity for being welded to metals; 
the use of the so-called solders, i.e., alloys of tin with lead and anti¬ 
mony, in engineering is based on this property. 

Xot everybody knows what tin means to printing. It is the j^rincipal 
component of the so-called “type rnctar’ of which cliche, i.e., forms 
with relief drawings to reproduce illustrations, are cast. 

Nothing in the world imparts tHat mirror-like lustre to beautiful 
white and coloured marbles in polishing as does the white tin-oxide 
powder. 

\'arious tin compound.s are widely used in the chemical and rubber 
industries, in print works, in dyeing wool and silk, in the manufacture 
of enamels, glazes, stained glass, gold and silver leaf. It also plays 
a very important part in warfare. 

The oldest tin deposits have been known in Asia and in lairojK*, 
in the south of the British Isles which were even called “C'assiterides.” 
It is hard to say, though, whether cassiterite got its name from the 
isles or the isles were named after the Greek word ‘'eassileros” ^vhich 
we encounter in Homer’swhere it is used to signify tin. It is note¬ 
worthy that in Cornwall cassiterite is found together with chaleopyrite, 
a copper mineral, so that when smelted this ort* at once ])roduces 
bronze. 

The main source of tin today is Malacca Peninsula, wliieh yields 
close to lialf tlie world’s output of this metal, and where more than 
joo deposits in granites and a vast niiml)er of rich j)lac»*r dc]>osits are 
known. The y^iacer def>osits are worked hydraulically; they are washed by 
powerful streams of water discharged from monitors. Lic|uid mud com¬ 
posed of a mixture of different minercils flows into special ditches witli 
riffles where it is vigorously stirred by workers from the local popula¬ 
tion. 7 ’his hard work is done mainly by children. Owing to its iiigh 
specific grav'ity cassiterite is retained by the ri('flf‘s, whence it is removed 
frf)m time to time. The method of production, as you se<‘, is very 
primitive and is based on cruel exploitation. 

7 'he concentrate containing 6o to 70 [)cr c(‘nt cassiterite is transported 
to plants where it is smelted for tin. 

The imperialist countries have been waging a fierce struggle for tin. 
During the Second World War Japan strove to take possession of 

180 



the tin deposits on the continent and on the islands, and the tin¬ 
smelting plants in Singapore owned by British linns in ordt‘r to ])rovidc 
for the needs of her war industry and to help Hi tier Cierinany which 
was very short oi (in. japan and (iermany at the* same tiirn* aimed 
at depriving tlie U.S.A. and Britain of the sources of this valuabh* 
w'ar metal. 

Xake a look at the world map and you will sei‘ that the zone of 
tin-l>earing granite's and, Iu'im c*, tin deposits, as w<*]l as those of tungsten 
and bismuth, runs along the Bas ilic Coast, througli the Biliitr>n (r>r 'Beli- 
toeng), Banka (Bangka) and Siiigkep islands, Malacca and Thai 
peninsulas and Soutli Cdiina. 

(h'ochemi.stry is striving to divine the ri*asons lor the formation 
of these zones containing rich dejiosits of tin ores anrl other chemical 
compounds found together with tin. 



Stocks tjf canned foods at a canning plant 









In addition to Malacca there an* ver\' rich tin concentrations in 
Bolivia (South America). They are located in the Cordilleras. I^esser 
deposits are known in Australia, Tasmania and in the Belijiaii Cons^o 
(Africa). 

or the nearly 1200,000 tons of tin constituting the world's annual 
production 40 to 30 |)er cent is used in the nianuracture of white metal. 

Consumption ol white metal is sharply increasinj^ with llie dcveloj)- 
rnent of the cannint^ industry. 

Have you ever tlioujL»ht of the imj)ortance ol ivhite melul and of tin* 
part played by the tin can in which millions of klloi^rams of meat, 
lish, ve«ela])les and fruit are preserv(*d? What is white metal.^ It Is 
shefM iron covered with a very thin layer of tin abfuil (Voi mm. thick. 
Tin plating or tinning (»f the iron sheets or iron cans pn'venis tiiein 
from rusting. Pure tin is not clis.solved by the lif]ui(ls of tin* canned 
foods and is practically liannless to man's health. No (ah<*r plating 
can compete with tin in stability. 

Toda)' we can say that tin has outlived its ‘‘broir/e age" and lias 
become a metal of the f(U)d-can. 



IODINE THE OMNIPRESENl 


VVr all voiy well know what iodine is; we vise it <‘.\t(‘rnally when 
we cut a finju;er and lake its hrown-red drops with milk when we grow 
old. lodiiH' is a w<*ll-known tlrug and yet how little wc: nally know 
about it and al)out its fate in nature! 

It would be liard to find an<>th(‘r elenu‘nt as full of <ontradictions 
and riddles as iodine. Mf>reo\*‘r, we know so little about the principal 
inih’stones in the history of its iiiigralions that \sc eannol say as \et 
why we use it as a medicine and where it has come from.* 

It will l)e observed liiat even 1 ), Mendeleyev ran into the unj)h‘asant 
properties of iodine. He distributetl his elements in the order of increas¬ 
ing atomic weights but i<»din<‘ and teliutiiim uj)sel the ordt'r: tellurium 
stands before iodine though its atomic weight is highe r. It is still that 
way today. 

Iodine and tellurium wrrr nearly the f>niy elements tliat disturhed 
the harmony of Mendeleyev’s Law. 'rrue, we Iiavt' an idea of what 
is what today, hut f<»r many yvurs this was an ineorujireheusihie excep¬ 
tion; the critics ol' Mentlel< >e\’s ])rillianl theory rep«*atedly indicated 
tliat he plact-d his elements as he saw fit. 

Iodine is solid; it forms grey crystals with a nal metallic lustre. 
It looks like a metal and it is shot with violet, but at tin* same tim<‘ 
if we pul the nielallic iodine crystals into a glass })hial wc soon see 
violet vapours in the upj>er part of the phial; iodine is easib subli¬ 
mated without passing through the licpiid stale. 

Here is the first contradiction that strikes your (*ye, hut this is im¬ 
mediately followed by anotlier. I'he colour of the vaj^ours is dark 
violet, w'hilc that of the iodine itself is metallic grey. 'I’he salts of iodine 
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Mountain ranges of the Central Pamirs. Picture made tinring ascent to Mount Stalin 
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arc altogetlier colourless and look like coniinou salt; only some of ilicni 
have a slightly yellowish tint. 

And here are some other iodine riddles. Iodine is an exceptionally 
rare element; our geochemists have estimated that iht' earth's crust 
contains only about o.oooni or 0.00002 jkt rent; nevertheless iodine 
is found everywhere. \\r can probably say it even mort‘ bluntly: there 
is not a single thing in our surroundings in \Nhich the finest methods 
of analysis do not, finally, detect a lew atoms of icjdiiif*. 

pAcrything is ))erm<‘ated with iodine: the solid (\arth and rocks, 
even the purest crystals of transparent rock crystal or Ireland spar 
contain quite a number of iodine atoms. Sea-water contains much 
more of it, the soils and running waters contain very much, and plants, 
animals and man contain still more. We absorb iodine from the air 
which is saturated with its vapours; wr consume it with food and water. 
We cannot live* wiihcjut iodine. Now we can understand the cpiestions: 
why does iodine exist everywhere? Wliere does sf) much iodine come 
from? Which is its primary source? From what depths of the earth’s 
interior is this rare element brought to us? 
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Meanwhile even Uie most precise analyses and observations Tail 
to discover its mysterious source because we do not knr)\v a single 
iodine mineral either in deej) igneous rocks or in tlie molten magmas 
that ha\'e come to the surrac<‘. (ieocheinists picture the origin of iod'iur 
on earth as lollows: at one time, before the getilogical history of the 
eartli, when our planet was heginnirig io be covered with a hard crust, 
continuous clouds oi‘ volatile vaj)ours of various substimces enveloped 
the still hot earth. It ^^as at that time that iodine and chlorine were 
released frojn the depths of the molten magmas of onr planet and 
iodine was seized Ijy thi* first sir<‘ams of the precipitated hot water 
vap<»urs, and the first oi eans, which gave rise to seas, accuinulated 
iodine from the atmosphere <jf the earth. 

\\*e do not exactly know' if this was really so, but w'e do know’ that 
its distribution on the earth’s surface is replete with riddles. In the 
Arctic countries and in high mountains there is comparatively less 
iodine; in the low'lands and near seashores the content of iorline in 
the rocks increases; it incr<‘ases even more in d<‘serts while in th(! salts 
ol' the large deserts in South Africa or in the Atacama Desert (South 
America ) we find real mineral compounds of iodine. 

Iodine is dissolved in the air; accurate analy.sis has shown that 
it is distributed in the air according to a very definite law: its amount 
varies with the altitude. At the altitudes of the Pamirs and tlie Altai, 
iium? than 4,000 metres aljove sea level, tliere is much less iodine 
than at the level of Moscow or Kazan. 

At the same time we knenv that iodine exists iu>t only on the earth. 
We find it in meleorites which come to us from unknown spaces of 
the universe. Scientists have hmg been looking I’or it with the aid ol 
new' methods in the atmos})hercs of the sun and stars, but so far to 
no avail. 

.Sea-water contains c|uite a lot of iodine about two milligrams 
per litre, which is already an appreciable f|uantity. Sea-water con¬ 
denses near the shores, in firths and in littoral lakt's wlu're salts accu¬ 
mulate and cover the ilat slu)res willi a while film. I’hese salt concen¬ 
trations have been very Nvell studied on the C’rimean Blaek-.Sea coast 
and in the lakes of Central Asia, but no iodine has been found in them; 
it has disappeared somew here. Some part of the iodine, apparently, accu¬ 
mulates in silts on the bottom, but the greater part of it ev'aporates, 
goes up into the air, and only a small p(»rtion of it is retained in the 
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residual brines. But hardly any iodine is found where the salts of pruas- 
siuin and Ijroinine are ae.cuinulated. 

\’ei;etation sonietinies develops near ihv ^lK)res «>f salt-lakes and 
seas, fdnnino' whole forests of seaweeds which co\’er the littoral stones. 
It is in these seaweeds that iodine at'cnnuilates as a result of some 
inrf)inprehensihle biochemical processes, atul <‘ach ton of seaweeds 
contains st-veral kilograms of pure iodine, this remarkable element. 
Certain sea-sj>onges contain even more io<iine, i.e., up to h or lo per 
cent. 

Soviet investigators have made a particularly gof>d study of the 
Pacific coast. Along the entire vast coast the waves bring, mainly 
in autumn, a tremendous quantity fover 300,000 tons) of sea-kale. 
These brown seaweeds contain many hundreds of thousands of kilo¬ 
grams of iodine. 'I'hey are coliecied, partly used for food and partly 
carefully burned to extract iodine and potash from them. 

But the history of iodine in the earth’s crust does not end with that. 
Iodine is also brought by oil waters. Lakes of waste waters from which 
iodine is now extracted are ftornied near Baku. 
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1 1 is also cxtrudrcl by stnnc volcanoes Irom their niystcric)us entrails. 

The Tales of this (‘leinent in the history of oiir f*arth are so diverse 
that it is liard to paint a Tull and coherent piclun! ol the liTe and wander- 
inji's oT this incessantly iniiijratint^ aU)m. 

'riien iodine t^ets into the hands oT man and a new riddle arises: 
wr treat sick people with iodim\ stop haeniorrhaijes with it, kill bac¬ 
teria, prevent the inTeciion oT wrninds, but Tor all that iodint* is ex- 
(optionally poisonous: its vapours irritate the mucous membrane. 
Ffuj many drops <)r crystals oT iodine can prove 1‘atal to man. But 
the most surjirisint^ thin^ is that man is worse olT when there is loo 
little iodine. 'I’lu* organism ol man and. |>rof)ably. ol’ a jniinl)er oT 
animals must have a definiir amount oT iodin<‘. We know that ir)dine 
deficienry in srnm* ret»ioiis manifests icselT in a special disease called 
U[oiire. riiis dist'ase usually allots pt'opK* liviinj; in Alpine rej^ions. 
We know some villages in the iii^h mountains oT the (’< ntr;d C'aucasus 
and the Pamirs whtrt* this disease is widt'spo acl. It is also very wt‘ll 
kno>vn in tin* Alps. 

American iruestigators lia\’e retfiitly Tottnd that goiin is also \\i(U‘- 
sj^read in .America. Ii appears that iT we chart tlu' incidtaice oT t»(>iire 
and draw up a map »>i the }K‘rc(*niage ol’iodine contained \u the water 
the data ol the iwa majis will c(»incide. 

The lumiaii cjri(anism is excepiicaially sensitive to iodine, and a 
(lecrea.se in its ('onteni in the air and water immediately allects the 
health oT man. Man has learned io treat goitre with salts oT iodine. 

No less imerestirii^ are the ways in which iodine is em|)loyed in 
indnstry; ihr latter makes m(»re extensive and more diverse use oT 
iodine with each jjassins; star. On the one hand, man h.as discovered 
(oinpounds ol iodint* witli or£>anic substances which create an armour 
impenetrable ])y X-rays; at the same time iT these (ompounds are 
introduced into the organistn they make it j)ossii>le to photograph 
the internal tissues with esjx'cial eiarily. 

We Iiave leanud that iodine has recently Toimd entirely new lield.s 
oT appliealioti. Particular itnportance is attached to the use oT iodine 
in the celluloid industry where sp(*cial .salts ol iodine in the Torm ol 
small ncedle-like crystals are einj.>loy(*d. These needle-like crystals are 
.so distributed in tlie < elluloid that the waves oT a lii^ht ray cannot 
t}in»ut(h them in all directions, d'he result is what we call a ])olari/('d 
ray. We ha\e lon^ built sp<‘cial. very expensive polarizino microscopes, 
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l)iil now this new hitcr-polaroid has h(‘I|K*cl ns to in\ rnt in;n»iiil\ int; ola.sst's 
wliirh have rrplacrd tin* inirroscopt*. Tduw ran hr nsrtl during < x- 
peditions in ihr field. By combinint^ two or thrt't* pr>laroids it is 
possible to impart very bright colours to the drawint;: 1 ran pirtnrr 
to myself a lighted derorativt' j>an<*l or motion-pii tnre srret n where 
two rotating polaroids will produce rentalkabl<‘ pi( tures(|nc tdlct ts 
rapidly changing all ctilours r)t' the stdar spectrum. When r. polaroid 
]>laie is put into an antomohiic's windshield yon ran drive along a 
lighted sirt'et and the bright headlights of cars will not blind y)n 
because in the polaroid yon will not set* the brilliant haloes of the 
fiery lights ])ul only the car with a separate Inrninoiis jjtiint. 

When a plane rises above a blacked-f)nt city and drf>ps sparkling 
coiTifioniids of magnesiiirn })y parachnte polaroid sfxtlacles make 
it po.ssible to see everything underneath the flare. 

^ on see htjw exlcnsi\ ely and diversely this t'lement is used, lit>w 
many vagne problems and how many ct)ntradictit)iis in tin* lait* of 
its migrations there arc. It still requires a lot t»f j>rf>foimd researrh 
itj reveal all its properties and to understand the nature ot this omni¬ 
present element. 

'J'he historv of* the discoverv of tins eh inent is also interesting. 
It was di.scovered in the ashes ol plants in 18 ri by C>onrtois, a pharma¬ 
ceutist who owned a small factory processing the ashes of f>lants 
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into saltpetre. However, the 
discovery of this element did 
not particularly ifn[)r(\ss the 
world’s scientists and it was 
duly appreciated only loo 
years later. 

With this I could finish my 
story about this interesting 
element, l)ut on<‘ more thought 
still occupies my mind. 'Fhere 
is a v'acant box below ifidine 
in the same group in Mende¬ 
leyev’s table. It was pointed 
out yet by J). Mendeleyev who said that a new element would have 
to be found for it; he named it ekaiodine. W(‘ call this box No. 85. 
But when* is this element No. 85 found or where is it hiding? It must 
exist .somewhere in the world and it must be discovered. 

It was long .searched for in residual brines of lakes and salt deposits. 
It was sought in interplan(*tary spaces amc»ng the dispersed atoms, 
which are observed in the uni\'cr.se amid the stars and smi.s, planets 
and comets: it was also looked for in all natural metals, but was never 
found. 

Many times scientists thought that in their instruments they saw 
a flash of a line corresponding to the lumine.scent atoms of No. 85, but 
subsecjuent investigations failed to confirm this discovery, and box 
No. 85 is vacant to-date,* 

What is this myst<’rious undiscovered atom? It probably continues 
the jiuzzling history of iodim*; it is likely endowed with even more 
wonderful properties and it is preci.sely this that renders its discovery 
difficult. It may exist in the univer.se for so short a time that even 
the most accurate instruments are unable to detect it; it may have 
.so strong a charge that it cannot exist in our world. But if No. 85 is 
discovered on earth it will prove an even more remarkable element 
tlian iodine and will have even more fabulous pro|)erties. 

It is well worth the scientists’ while to work on the riddles of iodine 
and its fellow-element in the table. 
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♦ .Sec the word “astatine” in the dictionary of elements. 



FLUORllNE THE OMNIVOROUS 



VVlicn I plannrcl this bciok I intended to write a rhaj)t-er on fluorine 
and its reniarkai)le |m)pertics, hut as I came to it 1 had to stop. I had 
newer worked with fluorine and its com[>ounds, had never taken an 
intere'st in its fine* minerals or in its use in industry and was, therefore, 
in a (juandary. 

I had to resort to my nuin<*rems old notes and poring over them I 
found a number of pages from which 1 eomj)iled this chapter. 

Ciharles l.)arv>in points out in his autobiogra])liy how a scientist 
must work. H<- says iliat a scientist cannot and dr>es not have to remem¬ 
ber everything, that he must make a note of vvrry interesting obser¬ 
vation and whaK'Ncr curious information he finds in books r)n separate 
slips of paj^er. and that he should put every l)ook that deals with 
(piestions he is interested in on a separate shelf tr»gether with the 
notes. 

Darwin did not think a i<*ntist should iiave a large and diverse 
library- He always jilanned his major problems a few' years ahead 
and fully dewoted himself to their solution. l*V>r each problem he ]>icked 
iiis materials dozens f>l' times, and one tir two shelves in his bookcase 
vv<*re occupied by the materials on individual problems. 

In several years 'and sometimes it took a dozen years), he would, 
thus, accumulate enorinoiis factual material for each scientific problem. 
H<' wDuld look through this material and these books once more and 
write the corresponding chapter of liis famous treatise that has laid 
the basis for modern biological science. 

This idea of compiling big books and monographs is v'cry convenient 
and I confess that already 20 years ago I began to follow' this w^onderful 
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example set l)y Darwin and decided In j)re]xire the honks and materials 
for my works in an f‘xaetly similar manner. I ]>resenlt‘d my large 
library It) tlie Khihiny Monntain Station tni Kola IVninsula and 
relain<‘d tjiily the l)nnks that wen' enimeeted with the tasks T fared 
in the innnt'diate I'nlnre. 

1 hes<‘ tasks int'ludt'ii a hii; j)rt)l)lem - In write a history of all cheini- 
<“al elements in the t'arth. l«» show get»It)gists, mineralogists and ehemists 
the intricate course tra\ <'Iled by the atoms of'any metal in their migra- 
tiniis in tht* universe, and to tt'll about iht'ir properties and bt'havioiir 
tin earth and in the hands t»f man. 

When J c.anu' tt) write the < hapter on Ihiorint' 1 ftnind fi\t* small 
sheets of paper in the papei'-case whic h bore the insc'riptitm "‘Fhiorine.'’ 
I shall give* them to ytni approximately tht* way th<*y were' 
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SHEET 1 


I have long sinc'c wanted to visit the famous I’raiis-Baikal deposits 
whence^ I receix’cd remarkable c rystals of topa/., the* beaiitit'nl rare 






mineral cdnlaiiiin*^' nuorine, crystals ol all colours and druses oi initlti* 
coloured lluor-spar produced lor die needs of industry. 

Finally, we out of the express train '*vliicli was on its way to the 
Manchuria Station. 

At the station we were met hy a trt>ika and we drove down the 
wonderful steppes in the south of IVans-Baikal region covered with a 
continuous white carpet of beautiful edelweiss, llie enchanting picture 
opened up ever more widely before us as we climbed the gently sloping 
hills. Here in separate* granite emlcrops crystals of blue and yellowish toi)a/. 
were extracted: here in the cavities of granite pegmatites we saw beauti¬ 
ful octahedrons of fluor-spar compounds of fluorine and the metal 
calcium. But we were particularly impressed by the yiicture of a 
rich deposit of this mineral in a certain small valley. 

Here they were no longer separate small crystals precipitated from 
the hot aqueous solutions of cooled granites, but enormous concen¬ 
trations cjf pink, violet ajid white fluor-spar ol'the most diverse shades; 
they shone and sparkled in the bright Manchurian sun. 

This valuable stone was Cjuarried in ord(*r to be sent all across Siberia 
to the metallurgical plants in the Urals, Moscow and Leningrad. 
A grand picture of ga.scous emanations <jf ancient and ch*ej) molten 
granites arose before my eyes. Concentrations cd'fluor-spar were formed 
from vcjlatile fluorine compounds. One of the stage's in the process 
of slow cooling of the granite massif, surrounded by the vapours and 
gases it gave ofT, in the interior of the earth was reflected in these 
formations. 

I recalled another picture from the history of the same fluor-spar. 
The fluor-spar (jf cnc:hantiiigly !>cautiful colours from which the valuable 
Murino v'asc:s were manufactured and which was described in the 
(jld mineralogy textbcjoks came to my mind. 

I also recalled thiit in Britain tliere was a whole industry for the 
processing of this sUmc and that in museums we could see beautiful 
articles made from it. 

Finally, quite difr<*rent pictures from the environs of Moscow 
occurred to me. 

As a young teacher at the First People’s University in Moscow' I 
charged iny students with thf* task of studying the minerals found 
in the environs of our city. 7 "hese minerals included a remarkable 
vdolet-coloured stone which had been found more than 140 years 
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aiL;(» i; 181 O f in tlie small Ratov' ravine, 

V’ercya I 3 istrici, Moscow Region, 
and Jiad been named rattjvkile. 

It tK:curred in individual con¬ 
centrations in the form of beautiful 
violet strata antid limestone's. Zones 
of its dark-violet cuVjcs were ff>und 
along the banks of the Osuga and 
\"azuzya rivers, tributaries of the 
\"olga. We started acti\ ely studying 
this stone whicA turned out to 
be a pure calcium fluoride, the 
fluorite I am telling you about. Its 
beautiful violet-coloured pebbles 
were encountered in such large 
amounts and the strata were so regu¬ 
larly deposited amid the limestones 
that it was hard to attribute their 
formation to the hot emanations 
of molten granites which had given 
rise to the lovely Trans-Baikal topazes and the Manchurian fluor¬ 
spar deposits. 

More than 2,oof) metres separated these deposits from the ancient 
granites, which form the l.>asis ol' Moscow rocks, and we had to look 
for some other chemical agents that accumulated this beautiful stone 
along the Volga tributaries. With the aid of Academician A. Kar¬ 
pinsky our young people were able to div’ine the origin of this 
stone. 

It appears ratov^kite was connected with tlie ancient sediments of 
the Moscow seas and that in its concentration a part was played l)y 
living creatures, i.e., sea-shells, especially the lime-shells that accu¬ 
mulated crystals of calcium fluoride in their cells. 'I'he pictures I have 
painted here clearly show the peculiar and intricate course travelled 
by fluorine in its migrations in nature. 

SHEET 2 

A brief description of one day spent in Copenhagen, the Danish 
capital, during my trip to a geological congress. 



Academicism Alexander Karpinsky 
(1847-1936) 
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Alter the congress we visited llie famous cryolite mill in the 
environs of this city. The snow-white stone resembling ice is brovight 
here from peaks on the icy coast of Greenland. Due to some strange 
natural coincidence this stone, in no way differing in appearance 
from ice, is encountered only in one place on earth—in the polar 
regions of the west coast of Greenland where it is qviarried in vast 
fields, loaded on ships and sent to Copenhagen. Cryolite goes to special 
mills where it is separ<ited from the other minerals, especially lead, 
zinc and iron ores, and only a pure snow-like powder remains and 
is used as flux for the production of aluminium. 

Highly valuable, this powder is shipped in special boxes to chemical 
plants where a new fate awaits it: it is smelted together w'ith alu¬ 
minium ore in electric furnaces and the stream of molten metal glitter- 



Tajtks examining ore containing crystals oi fluorite from a deposit in lajtkistan 
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Professor Moissan obtaining the first fluorine in his Paris laboratory in 1886 


ing like silver runs down into large tanks prepared beforehand. This 
metal is aluminium and modern aluminium production cannot do 
without cryolite. 

So far there are no other methods of producing this metal which 
is necessary for the industries of both war and peace and the annual 
world output of which now runs into two million tons. 

Enormous electric installations use the power of large rivers and 
waterfalls to dissolve aluminium oxide in cryolite and to produce 
pure metallic aluminium. True natural cr^^olite is now replaced by 
an artificial salt of aluminium and sodium fluoride. But it is the 
same cryolite only produced by man at chemical plants. 

SHEET 3 

Fragments of pure transparent fluorite were found on the steep 
slope of a cliff overhanging a beautiful lake in Tajikistan. It was so 
transparent that lenses for microscopes and precision instruments 
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could be made from it. The 
demand for transparent fluorite 
was so j^reat that it was neces¬ 
sary to send a special expedition 
to the steep cliffs bordering the 
lake.* In the reports <jf the ex¬ 
pedition we read with keen inter¬ 
est about the unusual difficulties 
of extracting the transparent 
white fluorite imbedded in dense 
limestones. 

It took a lot of hard wf)rk to 
brt'ak small paths to the deposit 
f>verhanging the lake. But it was 
still harder to Ijring separate 
valuable pieces of the minerals 
down to the village located on 
the shores of this lake. Passing 
large bcuildcrs of this rare stone 
from hand to hand i!t a chain 
Tajik mountaineers Ijrought them 
down, packed them in soft grass, 
crated them and delivered them to Samarkand on pack animals.** 
The optic instrument industry obtained excf*ptionally pure fluorite 
and was able to manufacture fine, pure lenses and to build some of 
the world’s best optic instruments from this mineral. 



At Lake Iskandcr-Kul, Tajik S.S.R. Left — 
‘‘Stone M u sh room re suit of rock weather¬ 
ing 


SH£EX 4 

While taking a course of treatments at a Czechoslovak health resort 
we were asked to visit a glass-works located in the envirf)ns of the 
city; the works was equipped according to the last word of engineering. 

* Tajiks call fluorite “sang i-.salet“—“white stone.” T'hc deposit was 
found by a shepherd-boy, named Nazar-Ali, in 1928. 

** Optic fluorite is an extraordinarily delicate mineral: it can be spoiled 
not only by shocks and blow's but even by sharp changes in temperature. If the 
mineral is immersed in water with a temperature differing by a few degrees 
from that of the air a network of <-racks result, dt'slroying its high optic 
qualitie.s. 


We examined tlic shops where large-size platcglass was made. 7'he 
glass was monstrously large. Immense sheets of window glass were 
smelted in a continuous hand. Separate shops produced highest grades 
of cutglass variously stained by salts of rare earths and uranium. How¬ 
ever, the shop of artistic drawings proved the mo.st interesting. A vase 
of purest crystal was covered by a thin layer of paraffin, an experienced 
artistic engraver made an intricate pattern on the paraffin, then with 
a scalpel he took some paraffin off in one place, cut thin lines in another 
and before us appeared a picture of a forest and a deer hiint. This 
pattern was later reproduced. By means of a special apparatus the 
contours of the pattern were traced and it was reproduced on dozens 
of other vases covered with paraffin. On all of them we gradually 
saw the picture of a forest and a deer hunted down by dogs. 
I'hen the vases were placed in special lead-lined furnaces and 
the latter w'ere filled with vapours of poisonous fluorine compounds. 
The hydrofluoric acid corroded the glass that was not covered by par¬ 
affin penetrating now deeper and now only a little so that the 
surface just turned frosted. Later the paraffin was melted in hot al- 



Drawing glass cylinders. When the cylinders reach a length of about lo metres they 
arc straightened out and cut into separate plates. The picture on the right shows pro¬ 
duction of plate glass at a gla.ss plant 
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cohol, sometimes in water or by mere heating, and we beheld a 
beautiful and delicate etching made by fluorine vapours. All that 
had to be done now was to deepen the etching in some places 
by means of rapidly revolving cutters and the job was completed. 


SHEET 5 



K.Scheele 


At last, among my notes and recollections of fluorine and its min¬ 
erals I found the following notes from a university chemistry 
course. 

“Fluorine is a gaseous element with an unpleasant pungent odour; 
it is exceedingly active chemically. It combines with nearly all the 
elements, even with gold, exploding or heating brightly as it enters 
into coinl)ination. It is not without reason that it was so hard to 
obtain. It was obtained in pure form in 1886, though it had been 
discovered by Scheele in 1771.” 

In nature it is known only in the form of salts of hydrofluoric acid, 
chiefly as calcium fluoride, i. e., the beautifully coloured mineral 
called fluorite. 

However, fluorine also abounds in nature in other compounds; 
for example, apatite t ontains up to three per cent of it. 

In its geochemical history it is connected with volatile sublimates 
from molten granite magmas, but is also rather rarely encountered 
in the form of marine sediments which yield a certain accumulation 
of fluorides from organic .substance. 

Pieces of fluorite are used for optic glasses which, unlike ordinary 
glass, also lets through ultra-violet rays; it is used as a decorative stone 
in beautifully coloured trinkets. 



J cerh; hcalthv and corroded hy iluorinc 
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However, the chief use of fluorine is based on its capacity for facilitat¬ 
ing the melting of metals. It is also used in the production of hydro¬ 
fluoric acid, which is a very strong solvent and corrodes glass and 
even rock crystal. 

As a binary salt of sodium and aluminium hydrofluoric acid forms 
the mineral cryolite which is required for the electrolysis of metallic 
aluminium. Fluorine plays an enormous part in the life of plants and 
other living organisms, but an excess is harmful and causes a number 
of diseases. 

It also plays iin important part in the life of the sea where it accu¬ 
mulates partly by biological ])rocesses (shells, bones, teeth) and partly 
in the form of* complex carbonates and especially, phosphates (phos¬ 
phorites). Sea-water contains one milligram of fluorine per litre, 
while oyster shells contain twenty times as much. 

While analyzing the properties of fluorine on the basis of Mende¬ 
leyev’s ta])le scientists hav>^e recently discovered a new remarkable 
use for fluorine, namely, they Iiave learned to produce a special sub- 



Chctkifif; up <»n electric refrigerators at the I.ikhachov Plant 
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Main uses of fluorine in industry 


Stance—carbon tctraflnoridc—which is not poisonous, docs not explode 
when mixed with air, is very stable and is capable ol’ changini^ I’roni 
tlie solid to the gaseous state with a great absorption of heat. I’his prop¬ 
erty has made it possil>ie to use carbon fluoride in special refrigera¬ 
tors. It has been possible to develop tremendous refrigerators 
for preserving various foodstuffs only by the use of carbon tetra- 
fluoridc. 


CONCLUSION 

I told you in my own words the contents of the five sheets I had 
found in my paper-case. They seem to exhaust the chapter on this 
remarkable natural element, but its future is much greater. The most 
complex gaseous products of the future arc connected with fluorine, 
'rherc are no poisons more dangerous tlian the combinations of this 



clement and at the same time there is no better way for preserving 
foods inexpensively in small cabinets by maintaining temperatures 
as low as minus loo"^ C. 

\'ery little is known about fluorine as yet. It has immense poten¬ 
tialities which arise from the peculiar properties of its complex com¬ 
pounds, and it is now hard to foresee its future uses in the national 
economy and its fate in future engineering. 



ALUMIML'M—METAL OF THE 20TH CENTURY 



Aluminium is one of the most interesting chemical elements. It 
is interesting not only because in a space of several decades it lias 
rapidly won an impo1“tant place in our life, our industry and tin* leading 
branches of our national economy and togctlu'r with magnesium has 
created the winged power of the plane, but also because of its prcjp- 
erties and, primarily, its geochemical role. I’he jioint is that alu¬ 
minium, wiiose acquaintance civilized humanity lias made only re¬ 
cently, is one of the most significant and most almndant chemical 
elenu'iits. 

'S ou and 1 know very well that under the rover of cla\'s and sands, 
which w(‘re formed at different times as a result of weathering and 
destruction ol massive rocks, there is a continuous stony shell of the 
earth or, as it is often referred to, the earth’s crust that envelops the 
whole glolj(‘. 

This st<»ny shell is at least loo kilometres thick and maybe, as it 
is now su})posed, even much thicker. In the interior this shell gradually 
changes to another—an ore shell which contains iron and other metals 
and, finally, in the centre of tlie earth there is, apparently, an iron 
core. 

I'he stony shell forms encirnious })rojec:tions---continents—on the 
earth’s surface. I'old.s in the shajR* of long mountain ranges have, 
in turn, come tcj lx* formed on the continents. 

'J’he stony shell of the earth which comjioscs the liase of the conti¬ 
nents and their nionniain rang<'s is made uji of alumosilicates and 
silieat(\s. 7 he ahnnnsiliratrs consist, as their name indicates, of 
silicon, aluminium and oxygen. 'I’his is why the stony shell is often 





Cryolite mineral-aluminium and sotJium fluoride. It is brought to Europe from Green- 
land. Cryolite i.s used for the production of metallic aluminium 


called SiAl, which is a combination of the first syllables of the 
names —Silicon and Aluminium, 

This shell, formed mainly of granite, consists of approximately 
50 per cent oxygen, 25 per cent silicon and 10 per cent aluminium 
by weight. Thus, aluminium is the third most abundant chemical 
element and the most plentiful metal on earth. There is more aluminium 
on the earth than iron. 

Aluminium, silicon and oxygen are, together, the chief elements 
of which the earth’s crust is made; in the stony shell of the earth they 
form various minerals. These minerals are combinations of atoms 
whose centre is occupied either by an atom of silicon or an aluminium 
atom, while around them tlie atoms of oxygen arrange themselves 
regularly in four corners forming a tetrahedron. 
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'I’hus aluTniniuin-oxyjefen tetra- 
hciin:>ns aristr in addition to 
those of silicon-oxygcn. In these 
cases aluminium plays a dual 
role: it is either arranged, like 
other metals, between the silicon- 
oxygen tetrahedrons binding 
them to each other, or it takes 
the place of silicon in some of the 
tetrahedrons. 

It is just from these silicon 
and aluminium tetrahedrons 
• S/i/cun o combined in various ways 

Silicon^oxicfc tetrahedrons that many of the most im¬ 

portant minerals of the earth’s 
crust are formed under the general name of alumosilicates. At 
first sight the intricate pattern in the arrangement of the aluminium, 



Varitius combinations <jf silicon-oxidc tetrahedrons-sinf;lc tetrahedrons, double (sand- 
f'iass), rinps, chains, ribbons and flat networks c»f hexa^ctnal rin^s. 7'hc bottom rr*\v 
shows frai. e structures of feldspar and narrolitc (a mineral from the zeolite group) 
in two projectiims 
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silicon and oxygen atoms reminds ns of fine lace or rug ornaments. 
This picture could be ascertained only by means of X-rays, which 
photographed, as it were, the internal structure of the minerals. 

Let us recall how drab and monotonous the stones appeared to 
us in our childhood and what an intricate and varied picture arises 
before us now as we })enetrate into their structure. 

Some aluinosilicates are very abundant. Suffice it to say that more 
than half the earth’s crust is composed of minerals called feldspars. 
They form part of granites, gneisses and other stony rocks which 
envelop the earth by a sort of continuous stc)ny armour and jut out 
as powerful mountain ranges. 

\'ast accumulations of clays^ consisting of 15 to 20 per cent alu¬ 
minium, were deposited on the earth's surface as a result of weathering 
of the feldspars over a period of thousands of years. The aluminium 
discovered in the composition of these widespread rocks was even 
called “alum earth,” though this name has not persisted and is now 
used somewhat altered to designate its {.yxidv. --alumina. 

Fortunately, we find aluminium in nature not only in this intricate 
comj«>siti(jn whence it is rather hard to extract. We find a considerable 
amount of aluminium precisely in the form of alumina, its natural 
compound with oxygen. 'Ibis coni]x>und is encountered in widely 
differing forms. 

We find the anhydrous aluminium 
oxyde (AI2O3) in the form of the 
mineral corundum noted for its re¬ 
markable hardness and, sometimes, 
unusual beauty. The transparent 
varieties of alumina, which in addi¬ 
tion to aluminium and oxygen con¬ 
tain only diminutive amounts of 
elements—dyc.s.of chromium, tita¬ 

nium and iron, belong to the first- 
class precious stones. What a variety 
and wealth of colour is imparted 
to alumina by a negligible admixture 
of some suljstancc or other! These 
are the brilliant red ruby and blue 
sapphires which have fascinated man 



Needles <d ?e<ilitc, sf»-called natrolitc, 
in i^jncoiis plumolitc. The s.Tmple is in 
the c«>Ilccti«in of the Mincraloaical Mu¬ 
seum of the U.S.S.R. Academy of 
Sciences 
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from time immemorial. So many 
fairy-tales are told about these 
stones! Man has long been using 
the less pure, opaque, brown, 
grey, bluish and reddish crystals 
of corundum which are inferior 
in hardness only to diamonds. 

With their aid we process 
various hard materials, includ¬ 
ing the shiny steel of tools, 
arms and machinery. 

WV are all familiar with the 
fine crystals of the same corundum 
mixed with magnetite and other 
minerals, the so-called emery; you 
have probably cleaned your 
pen-knife w'ith emery many a 
time. 

Ckirundum could naturally serve as an easy source for obtaining 
metallic aluminium, but it is very valuable in itself and there is not 
much of it in nature. 

Since time immemorial, since the very dawn of human culture, 
since the stone age, man has extensively utilized granites, basalts, 
porphyries, clays and other alumosilicate rocks, constructing 
cities, erecting buildings, creating works of art, manufacturing utensils 
and producing ceramics, faience and porcelain. 

But for thousands of years man never even suspected the noV:>le 
properties of aluminium, the metal which these rocks concealed. 

Never and nowhere in nature is aluminium found in the metallic 
form, but always in various compounds absolutely different in their 
properties and appearance from the metal aluminium. 

It required the genius of man and his persistent labour to bring 
this wonderful metal to life. 

The first time it was possil)le to isolate a small amount of the shiny 
silvery metal was about 125 years ago. At that time nobody^ thought 
it w<iuld ever play any part in the life of man, especially since it w'as 
so very hard to produce. But then, in the l>cginning of last century, 
several scientists managed by means of electrolysis to isolate aluminium 



Sample <if bauxite spherical furm- 

aluminiiini <irc from the “Krasnaya Sha- 
p<»dtka“ deposits in the I’rals 
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on a cathode under a crust of 
slags from aluminium compounds 
smelted at high temperatures. 

This was a pure silvery metal— 

“silver from clay,” as they said 
at that time. 

This method of aluminium 
production w'as employed in 
plants and the metal soon began 
to be widely used. It resembles 
silver in colour and its prop¬ 
erties have really pn)ved won¬ 
derful. 

Pure aluminium oxide is not 
extracted from clay. As a con¬ 
venient ore nature gives us a 
hydrous aluminium oxide 
(hydrate of alumina) in the 
form of the minerals of 
diaspore and hydrargillitc. Fre¬ 
quently mixed with iron oxides 
and with silica these minerals form deposits of clay-like or 
stone-like rocks—bauxite.s—mainly amid littoral sedimentations. 

Bauxite contains a very large amount of aluminium oxide (50 to 
70 per cent) and is the principal industrial aluminium ore. Soviet 
chemists have developed and mastered a new process of changing 
the Khibiny mineral, called nephelite into aluminium 

oxide. Attempts have lately been made to utilize also disthene shales, 
which contain 50 to 60 per cent aluminium oxide, and other minerals: 
leucite and alunite. But neither of these minerals, except nephelinc, 
can replace bauxite. 

The production of metallic aluminium is based on two independent 
processes. First of all a pure anhydrous aluminium oxide —alumina—is 
extracted from the bauxite by a rather complex process. The aluminium 
oxide is then electrolyzed in special baths lined with graphite. 

The alumina powder is loaded into these baths in mixture wdth 
cryolite powder. A high-intensity electric current develops a high tem¬ 
perature (about 1,000° C.); the cryolite melts and dissolves the alumina 



Kc.avt>-mauc ingots ot metallic aluminium 
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whicli is subsequently decomposed by the current into aluiiiiniun] 
and c»xygcn. The floor of the bath serves as the cathode (negativ'e 
pole) and the molten aluminium accumulates on it. Through a special 
tap it is let out and poured into moulds where it hardens in the form 
of shiny silver's' bars. 

One hundred years ago it was very hard to produce this light white 
metal and a pound of* aluminium cost I'orty gold rubles. Today the 
might of rivers, transformed into electric pt>wer, makes it possible 
to prc>duce it in enormous quantities. 

Some of the properties of aluminium are well known to everybody . 
It is a very light metal, nearly one-third the weight of iron. It is very 
malleable and at the same time sufficientK^ strong; it can be drawn 
into wire and rolled into thinnest sheets. Xo le.ss remarkable are its 
chemical properties. On the one hand, it does not seem to lear oxida¬ 
tion; we know this from the behaviour of aluminium wares, pots, 
pans and cans. But it also has a great affinity for oxygen. Nfendeleyev 
was one of the first to notice this apparent contradiction, I’he pc)int 
is that after smelting the aluminium, which shines like silver, 
becomes covered with a dull oxide him which prt)tects it from 
further oxidation. X^ot every metal has this capacity for self- 
defence. Iron oxide, for example, well-known rust, in no way 
prevents the further destruction of the metal; it is too friable and 
penetrable to air and water. The thin oxide film which covers 
aluminium is, on the contrary, very dense and elastic and serves 
as a reliable protection. 

When healed aluminium greedily combines with oxygen, changing 
to aluminium oxide and liberating an enormous quantity of heat. 
This property of aluminium to liberate heat during combustion has 
been used by industry for smelling other metals from their oxides 
by mixing them with po>vdered metallic aluminium. In this process 
of aluminothermy the metallic aluminium abstracts the oxygen from 
the oxides of the other metals and reduces them. 

If you mix, for example, iron oxide powder with pulverized alu¬ 
minium and kindle the mixture with a magnesium ril>bon a violent 
reaction will develop befr^re your very eyes, an emormous amount 
of heat will be liberated, the temperature rising to ^^,000"^ C. The 
iron displaced by the aluminium melts at this temperature, and the 
aluminium oxide which forms rises as a slag to the surface. Man has 
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made use of this activity of 
aluminium for producing certain 
refractory and technically valu¬ 
able metals. 

Metallic titanium, vanadium, 
chromium, manganese and other 
metals are smelted this way. 

Since a high temperature is 
developed in aluminothermy, 
the mixture of iron oxide and 
aluminium, known as ther¬ 
mite, is used for welding steel. 

We could hardly name many 
elements that have made so fast 
and brilliant a career as alu¬ 
minium. 

Aluminium has very rapidly 
made its way into the auto¬ 
mobile, machinc-l^uilding and 
other branches of industry, in 
many cases replacing steel and 
iron. In naval ship-building its 
use has wrought a revolution, 
making it possible, for example, 
to build “pocket battleships” 

(ships the size of light cruisers with the power of dreadnoughts). 

Man has learned to produce this “silver” from natural minerals 
on an enormous scale, and the “silver from clay” has enabled him 
fully to conquer the air. 

Aluminium and its light alloys offer the best material for the con¬ 
struction of rigid airships, fuselages, wings and all-metal planes. 

This new industry, which has so extensively utilized aluminium, 
has grown with wonderful speed before our very eyes. 

When we see a plane flying over our heads let us recall that alumi¬ 
nium makes up Gq per cent of its weight (without the motor) and that 
even in an aircraft engine the weight of aluminium and magnesium, 
the two lightest metals, constitutes close to 25 per cent. 

In addition to the v'ast consumption of aluminium by the heavy 
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N(<}dcrn express train. Built mainly of alunilniLini alloys 


mdii.stry, the construction of all-aKiminium railway carriat^es, and the 
utilization of this metal in machine-building (especially aircraft¬ 
building) hundreds of thousands of tons of it arc used in the? manu¬ 
facture of aluminium wires and parts employed in thrr electrical in¬ 
dustry. 

And still this docs not exhaust the uses of the metal. 

JLet us add the reflective mirrors in searchlights, the main parts 
of shells and machine-gun cartridge belts, the flares and the aluminium 
powder mixed with iron oxide in incendiary bombs. Let us recall 
the tremendous importance of artificial crystalline alumina (electro¬ 
corundum, alundum) now produced from the same bauxites and used 
for abrasives chiefly in machining metals. 

By crystallizing pure aluminium oxide with an addition of dyes 
we produce rubies and sapphires in no way inferior to the natural stones 
cither in hardness or beauty. We use them mainly as durable support 
stones in the principal parts of precision instruments: watches, scales, 
electric meters, galvanometers, etc. 

We coat iron with fine aluminium powder and produce a sort 
of rustproof aluminium white metal. Xhe same powder serves for the 





manufacture of lithographic ink. Of late it has also earned the appre¬ 
ciation of artists who paint on wood. 

Why do we call aluminium the metal of the 20lh century? 

Because owing to its remarkable properties it is increasingly made 
use of and its enormous reserves are inexhaustible; we have every 
reason to believe that aluminium is now becoming part of everyday 
life like iron did in its time. 

In a few centuries they will probably call our time the aluminium 
age. 
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liEllYLMlJM—:\IETAL OF THE FUTURE 



Historians tt*ll us that Xcro, the Roman emperor, liked to watch 
fighting gladiators in the circus tlirough a large crystal ol a green 
emerald. 

When Rome, set on fire by his order, was burning lie took delight 
in the raging lire by watching it through a green emerald glass in which 
the red colours of the fire blending with tlie gnren of tlie glass aj)j)eared 
black and sinister. 

When the artists of ancient Greece and Rome, wlio did not know 
any diamonds, wanted to engrave somebody’s face in stone in order 
to iminorlali'/e him and show’ their admiration for him they used a 
])urc emerald from tlie Xubian Desert in Africa. 

Like the emeralds, golden-yellow chr\'sol)er\ Is found in the sands 
(»f Ceylon, greenish-yellow’ snake-coloured beryls and bluish-green 
acpiamarines the colour of sea-water wctc also always highly valued 
in India. The euclase, one of the rarest minerals of delicate ‘'blue 
water,” as the jewelIcrs put it, and the fiery-rcd phcnacite, which 
fades in the sun in the course of a few minutes, came to be knowm 
later. 

All these stones have long attracted inarr.s attention by the beauty 
of their play and tlie rernarkalile sparkle and purity of colour, and 
though many chemists tried to divine their chemical nature they 
found nothing new in them and erroneously lielievcd them to l)c com¬ 
pounds of ordinary alumina. 

Beryls and emeralds were mined tw-o thousand years ago in the 
intricate bends ol' Cleopatra’s I'arnous underground galleries in the 
arid Xubian Desert. 





Beryls. The board shows a hexagonal section of a crystal 


The green stones extracted from the interior of the earth were 
delivered by camel caravans to the Red Sea coast and thence to 
the palaces of Indian rajahs, the shahs of Persia and the rulers of 
the Ottoman Empire. 

In the 16th century, after the discovery of America, remarkably 
beautiful and big dark-green emeralds were brought to Europe from 
South America. 

After a hard struggle against the Indians the Spaniards seized the 
fabulous wealth of emeralds mined in Peru and Colombia and brought 
to the altar of the goddess whose sacred image was an emerald crystal 
the size of an ostrich egg. 

They looted the temples of the local population, but the precious 
stone deposits in the inaccessible mountains of Colombia had long 
remained a secret to the invaders and the Spaniards got to the mines 
and took possession of them only after a long struggle. 

By the end of the i8th century all these mines were exhausted. 

At the same time aquamarines of enchanting colours began to be 
found in the sands of sunny Brazil. It is not without reason that this 
stone was named aquamarine, i.e., “the colour of sea-water,” since 
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its colours arc as changeable as those of the southern sea in all the 
magnificence and diversity of its shades familiar to every one who 
has ever been on the Black Sea coast or has seen Aivazovsky’s remark¬ 
able paintings. 

While gathering brushwood in a forest in r83i a Urals peasant, 
named Maxim Kozhevnikov, found the first Russian emerald under 
an uprooted tree. 

The emerald mines were worked for more than loo years. Trainloads 
of light-coloured beryl were extracted from the earth but only the 
bright-green stones were faceted, while the rest were discarded. 

. . . Such is the past history of the green precious stones \\ Inch were 
described under the name of “beryl los” several centuries B.C. 

Such is the picture of the beginning of the history of the metal of 
the future, called beryllium, as it cotnes to our mind. 

But until 1798 it nev’cr occurred to anybody that these beautiful 
bright stones contained a yet unknown valuable metal. 

At a solemn sitting of the French Academy on the 26th Pluviose 
of the sixth year of the Revolution (Fel>ruary 15, 1798) tlie French 
chemist Vauquelin made the astounding statement that what had for¬ 
merly been considered alumina or alum earth in a number of minerals 
was really an absolutely new substance for which he proposed the 
name of glucinum (from the Greek word meaning sweetness) because 
its salts tasted sweet to the chemist. 

This statement was soon confirmed by numerous analyses of other 
diemists, but it turned out that the minerals contained but little of 
this new metal, usually only from four to five per cent. W^hen chemists 
began studying the distribution of beryllium in detail they found 
that it was generally a very rare metal. The earth’s crust contains 
no more than 0,0004 per cent of it, and still there is twice as 
much berylliiain in the earth as lead or cobalt and 20,000 times 
as little as its brother-metal aluminium w'ith which it had always 
been confused. 

Then our chemists and metallurgists went to work on this metal, 
and an entirely new picture has presented itself to us in the last fifteen 
years; it is not without reason that we can now call beryllium the 
greatest metal of the future. 

It really appears that this silvery metal is twice as light as the well- 
known light aluminium. It is only 1.85 times the weight of 'water, 
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Gianr brij^ht green opaque beryl fr<jm a feldspar quarry. VC’eight iR tons 


whereas iron is 8 times as heavy and platinum is more than 20 times 
as heav^^ 

It yields fine and also very light alloys w-ith copper and magnesium. 

True, the extensive utilization of beiy^llium is still kept secret (it 
is a military secret of a number of countries) but we already know 
very well that the alloys of this metal find ever w’idcr application in 
the aviation of all countries, that to produce good automobile spark¬ 
plugs a beryllium pow^der is added to the porcelain mass, that thin 
metallic plates made of beryllium easily transmit X-rays and that 
the alloys of beryllium are amazing for their lightness and strength. 
Particularly remarkable are springs made of beryllium bronze. 

Beryllium is really one of the most remarkable elements of tremen¬ 
dous theoretical and practical importance. 

We have already learned to prospect for it; we know*' it is found 
in regions of granite massifs, where it concentrates in the last breaths 
of molten granites and accumulates together wdth other volatile gases 
and rare metals in the final extracts of the remnants of granites 
hardening in the interior. 
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In these lodes, which we call 
granite pegmatites, wc encounter 
beryllium in the form of fine 
sparkling precious stones. 

We also find it with other 
ores; we know where to look for 
it because we know its behaviour, 
character and properties. It is 
prospected for on an ever grow¬ 
ing scale. 

The paths travelled by beryl¬ 
lium in the earth’s crust suggest 
to us its uses in industry. Tech¬ 
nologists are studying the meth¬ 
ods of its extraction from ores, 
while metallurgists are learning 
to use it in super-light alloys for 
the construction of planes. 

Mastery of the air and daring flights of planes and balloons into 
the stratosphere are impossible without light metals, and we can 
already foresee that beryllium will come to the aid of the modern 



Crystals of beryl in feldspar 



Large crystal of beryl 
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aircrait metals—aluminium and magnesium. Our planes will then 
lly at a rate of thousands of kilometres per hour. 

The future belongs to beryllium! 

Geochemists, you must search for new beryllium dcj)osits. 

Chemists, learn to separate this light metal from its fellow-trav¬ 
eller-aluminium. 

Technologists, make the lightest possible alloys that do not sink, 
are hard as steel, elastic as rubber, strong as platinum and eternal as' 
precious stones. . . . 

Today these words may sound fantastic. But think of the fantasies 
that have become reality and daily practice before our \cry eyes; 
we seem to forget that only some 20 years ago our radio and talking 
pictures sounded like the greatest fantasy. 



VANADIUM—BASIS OF THE AUTOMOBILE 



“Had there been no vanadium there would be no automobile,’* 
said Henry Ford who had begun his career precisely with successfully 
utilizing vanadium stcrel for the axles of his car. 

“Had there been no vanadium certain groups of animals could 
not exist,” said Y. Samoilov, well-known Russian mineralogist, when 



One of Hclo¬ 
th urioidca con¬ 
taining vana¬ 
dium in its 
blood 


it was discovered that the blood of some Holothurioidea 
f ontained close to lo per cent of this metal. 

Some geochemists believe that had there been no 
vanadium there would be no oil in the earth; they 
tiscribe to vanadium a special influence on the forma¬ 
tion of oil. 

This remarkable metal was long unknown to man; 
controversies and a struggle for obtaining it continued 
for many decades. 

“Long, long ago, in the extreme North there lived 
V'anadis, the beautiful and beloved goddess. One day 
somebody knocked on her door. The goddess was 
comfortably seated in an armchair. ‘Let him knock 
again,’ she thought. But the knocking ceased and 
somebody walked aw^ay from the door. The goddess 
wondered who the modest and diffident visitor was. 
She opened a window and looked out. She saw a man 
named Wohler who was hastily departing from her 
palace. 

“Several days later she heard someone knocking on 
the door again but this time the knocking continued 
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until slu* went and opened the 
door. Before her stood a handsome 
young’ man Ijv the name of' Nils 
Sefstrom. Tliey soon fell in love 
with one another and gave birth 
to a son whom they named X'ana- 
diurn. This is the name of the new 
metal discovered in 1831 by the 
Swedish jihysicist and chemist Nils 
Sefstrom.” 

Thus begins the story of vana¬ 
dium and its discovery in the letter 
of the Swedish chemist Berzelius. 

But in his story he forgets to mention 
that somebody else had knocked on 
the goddess’ door before and that 
this remarkable person was the 
famous don Andres Manud del 
Rio, one of the purest souls of 
old Spain, an ardent champion of 
Mexico’s liberty and fighter for its 
future, fine chemist and mineralogist, mining engineer and mine- 
surveyor who was able to imljibe the ideas of the foremost scientists 
of the time. As early as i8or, while studying the brown lead ores 
of Mexico Andres del Rio discovered in them w'hat appeared to him 
a new metal. Since its compounds were of all possible colours he named 
it panchromium at first, but later substitvited erythronium, i.e., red, 
for it. 

However, Andres del Rio was unable to prove his discovery. The 
chemists to whom he sent samples took the element contained in the 
brown lead ore for chromium ; the same mistake had been made by the 
German chemist Wohler who so diffidently and unsuccessfully knocked 
on the goddess Vanadis’ door. 

After long doubts and many unsuccessful attempts to prove the 
independence of this metal the young Swedish chemist Sefstrom found 
a solution. Blast-furnaces for smelling iron were being built in different 
parts of Sweden at that time. It turned out that the iron ores of some 
mines yielded brittle iron, while high grades of flcxil>le and ductile 
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Andres Manuel del Rio, professor of 
Mineralogy and Chemistry in Mexico 
(1764-1849) 


metal were obtained I'rom other mines. In checking up on the chemical 
composition of these ores the young chemist soon isolated a special 
black powxler from the magnetite ores of the Taber Mountain in 
Sweden. 

Continuing his research under the supervision of Berzelius he proved 
that he was dealing with a new chemical element and that the same 
element was contained in the Mexican brown lead ore spoken of by 
Andres del Rio. 

What was Wohler to do after this indubitable success of the young 
Swede? In a letter to his friend he wrote; ‘T was a real ass to have 
overlooked the new element in the brown lead ore, and Berzelius 
was right when he ridiculed me for so timidly and unsuccessfully 
knocking on the door of the goddess \'anadis."* 

The remarkable metal v’anadium has now become one of industry’s 
most important metals. But it was very long before man finally laid 
his hands on it. At the outset a kilogram of vanadium cost 50,000 
gold rubles, while now it costs only ten rubles. Only three tons of it 
were produced in 1907 because nobody wanted it, whereas today a 



Passenger cars and lorries just come off the conveyer 





battleships which need vanadium steel 


keen struggle is being waged for v^anadium deposits in all countries. 
Its properties are remarkable and the need for it is great in every 
country. In 1910 150 tons of the metal were produced and deposits 
were discovered in South America; in 1926 its production reached 
2,000 tons; now it exceeds 5,000 tons. 

Vanadium is one of the most important metals for the automobile, 
for armour and armour-piercing shells which go through plates of 
the best steel 40 centimetres thick; vanadium is the metal of the steel 
plane and of fine chemical products; it is used in the production of 
sulphuric acid and various fine dyes. 

What are its main merits? It influences steel by making it more 
resilient and less brittle; it prevents the steel from rccrystaliizing 
under the action of shocks and jolts, and this is precisely what 
automobile axles and motor shafts need because they are subject 
to a lot of shaking. 

No less remarkable are the salts of this metal—green, red, black 
as ink, yellow and golden as bronze. They yield a w'hole scale of beauti¬ 
ful colours for porcelain, photo paper and special inks. They are also 
used in treating the sick. . , . 

There is no need enumerating all the remarkable uses of this metal; 
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wc must only mention one more. \’anadium helps in the production 
of sulphuric acid, this central nerve of the chemical industry. In this 
case it behaves very “cunningly”; it only helps the chemical reaction, 
it catalyzes it, as the chemists say, itself remaining unchanged and 
unspent. Tme, some substances poison and spoil it, but there are 
medicines for this, too. 'I'he presence of metallic vanadium and of 
.some of its salts seem to have a mysterious effect on the production 
of the most complex organic cornjjounds which cannot be produced 
without its participation. 

But if vanadium is so wonderful a metal why do we know so little 
about it? Why have some of you readers never even heard of it before? 
Besides, only al^out 5,000 tons of it is produced in the world annually; 
and this is 20,000 times as little as the annual output of iron and only 
five times as much as that of gold. 

Something is, evidently, wrong with its deposits and production, 
and to find out what it is we must ask our gcf>logists and geochemists. 
Here is wliat they tell us about the behaviour of this metal in the earth’s 
crust. 

It seems there is quite a. bit of vanadium in our earth. In the accessible 
part of the earth’s crust our geochemists estimate an average of 0.02 
per cent, and this is not so little at all if wc recall that the earth’s crust 
contains 15 times as little lead and 2,000 times as little silv^er. There 
is essentially just as much vanadium in the earth as there is zinc and 
nickel, and the last two metals are produced in hundreds of thousands 
of tons. 

But not only the earth and the accessible earth’s crust contain vana¬ 
dium. "Ihere are probably rather large quantities of vanadium where 
native iron is concentrated. 7 ’his is betokened liy the meteorites which 
fall on our earth. Their metallic iron contains I'rom two to three times 
as much vanadium as the earth’s crust. In the spectrum of the sun 
our astronomers see the sparkling lines of its atoms, but this is just 
w'hat grieves the geochemists. Tlicre is a lot of \anadium everywhere; 
this odd metal abounds in the universe, but there are few^ places where 
it is concentrated and could easily be mined for industry. It is really 
found in most of the iron ores, and where its content reaches at least 
tenths of one per cent industry begins to produce it. The possibility 
of extracting this costly metal from thousands of tons of iron is becoming 
interesting and even profitable. 
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'ritano magnetite mine in the Urals; v.'xnadiura is extracted from this ore 


When chemists discover an ore containing one per cent vanadium 
the newspapers report the discovery of a rich vanadium deposit. Some 
internal chemical forces, api)arently, always striv’^e to disperse the atoms 
of this metal. Our science must find out what concentrates and accu¬ 
mulates these dispersed atoms and what is likely to break their passion 
for dispersion and migration. Such forces do exist in nature, and studying 
the deposits of this metal we are now reading remarkable pages con¬ 
cerning the processes which concentrate the atoms of vanadium and 
force them to accumulate. 

Vanadium is primarily a metal of deserts; it is afraid of water which 
easily dissolves it and transports its atoms over the earth’s surface; 
it is also afraid of acid soils. It finds “peace” only in the southern 
latitudes where there is a lot of oxygen in the air and where veins 
of sulphide ores are eroded. In the hot sands of Rhodesia and in its 
native land (sunny Mexico) amid Agaves and cacti, it creates yellow- 
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brown iron hats, brown hills resembling soldiers’ helmets whicli cover 
the outcrops of the sulphide ores. 

We see the same compounds in the old deserts of Colorado and 
encounter them in the ancient Permian desert in the region of the 
Urals bordering in the East on the expanding range of the great 
Uralides. The salts of vanadium are formed everywhere under the hot 
sun and in sands, and accumulate from dispersed atoms in deposits 
of industrial importance. 

And still its reserves arc very small; its atoms strive to escape 
the hands of man; but there are some powerful forces that retain 
vanadium and do not let it disperse; these are cells of living 
substance, organisms whose blood corpuscles are built of vanadium 
and copper rather than of iron. 

V'anadium accumulates in the bodies of certain marine animals, 
especially sea-urchins, ascidia and Holothurioidea which cover thou¬ 
sands of square metres of bays and sea coasts. It is hard to say w*here 
they catch the atoms of vanadium since it has been impossible to find 
this metal in the w'ater itself. These animals, apparently, po.sscss some 
special chemical ability for extracting vanadium from particles of 
food, silt, remains of seaweeds, etc. Not a single chemical reagent 
works with the efficiency of a living organism which is able out of 
millionths of a gram to accumulate in its body and leave after its death 
such enormous quantities that man can extract metals from it for 
his industry. 

But as great as the forces of life are, there are still few' real deposits 
of this metal, it occurs in negligible quantities and is hard to extract 
from black asphalts, bitumens and oils. The ways its atoms accumulate 
on the earth’s surface are a mystery, and scientists w'ill have to do 
a lot more work to .solve the riddle of its extraction and to be able 
coherently to tell its history in order that the separate links in the 
life of vanadium merge into one continuous chain. 

We shall then know not only the past fates of this metal, but also 
where and how to look for it, and profound theoretical inferences 
w'ill be transformed into major industrial victories. 

The automobiles will get their metal for axles and the battleships 
and tanks will receive a higher percentage of vanadium in their 
armour steel. Very fine chemical reactions with the aid of vanadium 
catalysts will produce hundreds and thousands of new and most 
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complex organic compounds we need for nutrition, for the economy 
and for culture. 

This is what geochemists tell us about the deposits of vanadium. 
We cannot be satisfied with this; we must ask them to work harder 
and more persistently in order that they master this metal for the 
needs of the country. 
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GOLD—KING OF METALS 



Ciold canic to the attention of man a long time ago, |>rol)al)ly in 
the form of glittering yellow grains in river sands. 

VVe shall learn a lot that is remarkable and instructive if ^^'e trace 
the history of the use of gold in the intricate course ol man's develop¬ 
ment. From the very cradle of human culture down to the imperialist 
wars gold has been connected with military campaigns, conepiests 
of continents, the struggle ol* .several generations ol* peoples, crime 
and !)lood. 



The Argonauts in Kolchis (ancient name of 
Georgia) examining the golden fleece. Old 
engraving 


(iold pla\s an enormous 
part in the ancient Scandina¬ 
vian sagas, and the struggle 
of the Xil)ehmgs is a struggle 
for I'reeing the world Irom the 
curse of gold and its power. 
The ring forged from the gold 
of the Rhein symbolizes tlie 
principle of evil. Sigfried must 
free the world from the power 
oi'. gold and overthrow' the 
gods of V'alhalla at the cost 
of his life. 

Ancient Greek mythology 
has a myth about the voyage 
of the Argonauts to Kolchis 
in quest of the golden fleece. 
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’’l^hey were supposrd lo find the fleece, i.e., sheepskins covered 
with ,^old dust, on the Black Sea coast, in ]>resent-day Georj^ia, and 
lake them away from the dragon who was guarding them. 

We can read about tlie struggle for gold on the \lcditerrancan 
in the ancient Cireek legends and in Egyptian papyri. For the con¬ 
struction of the famous temple in Jerusalem King Solomon required 
a great deal of gold; he undertook sev^eral campaigns to the ancient 
country Ophir which historians arc vainly trying to find at the source 
of the Nile and in Fthiopia. Some scientists believe the word “Ophir’* 
to mean merely “wealth” and “gold.” 

'Fhcre is a legend about ants that extract gc>ld. There are many 
versions of this legend in the interpretation of different investigators. 

The. basis of this legend is the story about one of the Indian tribes 
that lived in a sandy desert where the ants were as large as foxes. 
Together witli sand these ants dug out ol' the interior of the earth 
a lot ol' gold vA'hich was carried away by the inhabitants on camels. 
Herodotus confirms this story; 
something of this sort can also be 
found in Strabon who wrote in 
25 B.C. Pliny cites a somewhat 
dificrent version, but at any ratt: 
the European iind Arab writers 
alike repeatedly turned to this 
story in the Middle Ages. 'Fhcre 
is no plausible explanation of this 
legend as y'ct; the most plausible 
is probably the one which tells us 
that in Sanscrit the words “ant” 
tnd “grain” (of alluvial gold) are 
expressed by the same sounds. 

Fhe origin of the legend is prob¬ 
ably based on this similarity 
betw^een the words “particle 
of gold” and “ant.” 

Wonderful gold articles w'cre 
found in the ancient treasures of 
the Scythian epochs in the South 
of Russia. These remarkable 



Oolden comb with picture of battle bc^ 
tween Scythians and Greeks. Culture of the 
)th and the end of the 4th centuries B.C. 
Solokha Burial Mound (Ukrainian S.S.R.). 
Collection of the State Hermitage 
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articles made by unknown Scythian 
jewcncrs are chiefly representations 
of animals in rapid motion. They 
are kept at the Hermitage together 
with similarly fine gold articles found 
in the famous Siberian treasures. 

The ancients always attached 
great imj>ortancc to gold. Alchemists 
used the symbol of the sun for it. 
While the Slav, German and Finnish 
peoples had the letters G, Z, O and 
L in the root of the word (zoloto 
[Russian] and gold), the Indo- 
Iranian peoples put the letters A, U 
and R in its root, hence, the Latin word ‘"aurum” and the modern 
chemical symbol for gold—Au. 

Philologists have conducted special research in their attempts at 
finding the roots of the term ‘‘gold.’* These investigators have tried 
to locate the centres of gold in the ancient world. It is interesting to 
note in this connection that in Egypt the hicrogh'ph for gold was a 
kerchief, a bag or a trough, which, apparently, denotes the method 
of mining it. 

Gold was distinguished by its quality and colour. Sands whose 
location was described in detail in a 
number of written monuments were 
the source of gold in Egypt. Gold 
was found in different parts of North¬ 
western Egypt, as well as along the 
Red Sea coast, in the sands remaining 
from the ancient granites in the 
region of the Nile and, especially, 
in the region of Q^oseir. Old texts 
indicate numerous points where 
gold was mined. There were also 
ancient gold-fields in the Arabian 
and the Nubian deserts. There arc 
indications that gold-mines existed 
two to three thousand years B.C. 



Samples of wire-shaped crystalline gold 
in the form of hooks and spirals 
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In later written monuments gold¬ 
mines arc shown and very well 
described by a niim)>er of authors. 

Several texts point out that gold is 
connected with shiny white rock, 
apparently, with quartz veins, which 
some ancient authors incorrectly 
called by the Greek word marmoros. 

Wc know the prices, methods of 
mining, exploitation, etc. 

The discovery of America in the 
15th century wrote a new page 

in the histor>' of gold. The Spaniards vta.,hins gold in antiquity. Old engrav- 

brought tremendous quantities of ing 
the precious metal from America: 

they had obtained it by means of war looting and flooded Europe 
with it. 

Rich gold-fields were discovered in the sands of Brazil in the begin¬ 
ning of the 18th century (1719). A “gold rush” began everywhere, 
and other countries also started prospecting for gold. In Russia the 
first crystals of gold were found in quartz rock near the city of Yeka¬ 
terinburg (now Sverdlovsk) in the middle of the same century. A 
remarkable discovery^ was made in America one hundred years later, 
in 1848; deposits of gold were found in the Far West, beyond the 
Rocky Mountains, almost on the Pacific coast in California, which 
w'as then still a mysterious region. The strike was made by John Sutter 
who later died a pauper. 

Gold prospectors rushed there; caravans of ox-drawn waggons moved 
wcstw'ard in quest of new^ luck. Before another 50 years had elapsed 
gold was discovered in Klondike, Alaska, which had been so recklessly 
and cheaply sold to the U.S.A. by the tsarist government of Russia. 
Jack London's stories tell us how the struggle for gold was w’agcd in 
Klondike. There are photographs showing “black snakes” paving 
their way across snowy peaks of polar mountain ranges; these wxre 
endle.ss streams of people carrying their meagre belongings on their 
backs or in small sledges and hoping to bring back piles of gold. 

The first gold-fields in Transv^aal, South Africa, were discovered 
in 1887, but this wealth did not bring the Boers, who had found it, 
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any good fortune. After a long and bloody struggle Britain managed 
to conquer the country and nearly exterminated the freedom-loving 
Boer people, ^r^ore than 50 per cent of the world’s gold is now mined 
in Transvaal. Ciold is also found in Australia. 

The conquest of gold has had its own very peculiar history in the 
U.S.S.R. In 1745 peasant Yerofei Markov I'oiind a gold vein along 
the Beryozovka River near Yekaterinburg in the Urals. In 1814 Brus- 
nitsyn, a head-miner, also discovered the first gold-fields in the Urals 
and organized their industrial exploitation. I'he Urals is, thus, the 
cradle of the Russian gold industry. The disccnery of gold-fields on 
the Lena River in Siberia in the second half of the 19th century cause'd 
a sensation at the time. The fields were fabulously rich and adventurers 
of all brands and from all c<)untries rushed there. Some of them drove 
their stakes and sold the claims, others washed gold under the severe 
conditions of the taiga and returned rich men while still others mined 



Initial exploitation of ^old-bcaring quartzites in Transvaal 
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gold })ut spent it all on drink right 
the!rc and then; there were still 
others, and they were in the ma¬ 
jority, who died from scurvy and 
exposure. 

Even greater resources were dis¬ 
covered in the early twenties of 
this century on the Aldan River. 

I chanced to meet one of the 
prospectors who had worked in the 
Aldan fields during the first years 
after their discovery. He told me 
about the past of the Aldan, about 
the rush ol' the adventurers who had deserted the white armies and 
abandoned e\'crything in order to penetrate to the upper reachivs ot 
the Aldan and grow rich on gold. He told me about a priest who 
had f(.)rsaken his parish, reached with enormous hardships the sources 
c;f tliis river, made a raft and penetrated into an almost inaccessible 
region where he washed almost 900 pounds of this precious metal. 
He told me, furthermore, how' Soviet rule came to the Aldan and 
the gold-mines, which had been known as the land of gold and 
tears, became an organized industry. Many other rich gold deposits 
have l)ccn discovered since. 

The struggle for gold has, thus, gradually proceeded in the history 
of mankind. Over 50,000 tons of this metal has been produced; a]K>ut 
half of this gold, more than r0,000 million gold rubles’ worth, has 
accumulated in banks. The achievements of engineering have made 
it pos.sible gradually to mine more and more gold, proceeding from 
rich to poor ores. 

At first these were simple, primitive methods of production; the 
gold was washed in bowls, pans and later in what was called “Aineri- 
kankas”* in Russian and was used throughout the world after the 
discovery of gold in California. 

Afterw^ards placer gold deposits were worked hydraulically, using 
powerful streams of water, while the gold dust w^as dissolved in cyanide 



Bell-work gold-mining using whim 
gin; the usual machinery in pre-revo¬ 
lutionary Russia 


♦ Long narrow troughs w'ith riffles to catch the gold. 



solutions: finally, man learned 

U} extract gold from hard native 

rocks using the most perfect 

methods at large mills. 

Man uses every possible means 

to safeguard his gold and keeps 

it locked up in the strong vaults 

of state banks, while ships on 

which gold is transported are 

,, , ,. ,, . . , escorted bv battleships. Gold 

livtlromonitof viashini; gold-bearing s.ands ; • 

by a strong stream of water ^aken out of circulation 

in the form of coins because it 
wears too fast. 

During the thousands of years of his cultural and economic life 
man has extracted no more than one-millionth of the gold contained 
in the earth's crust. But why has man made gold his idol and the basis 
of his wealth? Gold, no doubt, possesses a number of remarkable 
profierties. It is representative of the “noble metals,’' i.c., the metals 
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whicli do not cliangc on the surface, retain their bright lustre and do 
not dissolve in the usual cliernical reagents. As a matter of fact gold can 
be dissolved only by the free halogens, say, chlorine, or aqua regia 
which is a mixture of three j)arts hydrochloric acid and one part 
nitric acid, as well as by certain rare {poisonous cyanic salts. 

Gold has a very high specific gravity. Along with the platinum 
metals it is one of the heaviest elements in the earth’s crust; its specific 
gravity reaches 19.3. It melts comparativ^ely easily when lieated to 
a little above 1,000^ C., but it is transformed into volatile v^apours 
only with great difficulty. To be brought to the boiling point it must 
be heated to 2,600° C. It is very soft and easy to forge; it is not harder 
than the softest minerals and in its {)ure state you can scratch it with 
a finger-nail. 

Chemists determine the presence of gold by very fine methods. 
One atom of gold in a thousand million atoms of other metals is enough 
for chemists to detect it in the laboratory (i.e., they can estimate down 
to io‘“^ grams). Kv’cn with our modern techniques this amount of 
substance cannot be weighed on any scales. 

There is not so little gold in the earth's crust, but it is dispersed; 
chemists have now estimated that the earth contains an average of 
about 0.00000005 per cent gold. Just think of it, there is only twice 
as much silver in the earth’s crust though .silver is considered a much 
cheaper metal! The most remarkable thing is that gold is spread all 
through nature. It has been discovered in the hot v^apours of the solar 
atmosphere, it is found (in Ie.sser quantities than on earth, to be sure) 
in the falling meteorites, and there is some of it in sea-water. Recent 
experiments have shown that sea-water contains 0.0000000005 part 
gold, i.e., there is fivx tons of gold per cubic kilometre of sea-water. 

Gold finds its way into granites, accumulates in the very latest 
molten granite magmas, penetrates into hot quartz veins and there, 
together w'ith sulphides of other metals, especially, iron, arsenic, 
zinc, lead and silver, crystallizes at relatively low temperatures, about 
150 to 200° C. Thus, large concentrations of gold are formed. When 
the granites and quartz veins are eroded the gold pa.sscs into placer 
deposits where it accumulates in the low'er layers of the sands be¬ 
cause of its stability and specific gravity. It is hardly affected by the 
chemical aqueous solutions which circulate through the layers of the 
earth’s crust. 
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Geologists and g^eocheniists hav’e spent a lot of efTort to learn 
about the fate of gold on the earth's surface. Exact research has shown 
that it migrates here, too. 

It is not only ground up mechanically to submicroscopic size and 
in this state carried away in enormous quantities by rivers, but is 
also partly dissolved, especially in southern climates, where the 
rivers contain a good deal of chlorine, is recrystallized and finds itself 
in soils and in plants. Experiments have shown that the roots of trees 
absorb gold. Several years ago scientists demonstrated that gold accu¬ 
mulated in the grains of maize in rather large amounts. But even 
more gold accumulates in the ashes of some coals where its content 
reaches one gram per ton of ashes. 

The foregoing show’s that gold travels most intricate paths in the 
earth’s crust before man extracts it. And still, whatever man has done 
for more than 2,000 years in the struggle for gold and as great as indi¬ 
vidual gold enterprises are, w’e do not know' the complete history ol 
this metal. Our information on the fate of dispersed gold is so meagre 
that we are vinable to join the separate links of its migrations into 



E'.xcavators expose gold-bcarinp sands 




Tjiormous tanks in which i*()kl is cliss(»lvcd by cyaniclntion 


a single continuous chain. What has happened to the gold that was 
carried out into the seas and oceans after the erosion of the great moun¬ 
tain ranges and granite cliffs? What has become of the gold of the 
Permian Sea which has left some of the richest deposits of salts, 
limestones and bitumens near the Urals? 

Geochemists and geologists, you still have a lot of work ahead of 
you. The millions of square kilometres of our gold-l)earing Siberian 
regions offer ample opportunity for daring scientific thought! 

The future of gold is not in the vaults of banks nor in the stock- 
exchange deals of speculators and capitalists; it will be used for other 
purposes. This metal is now widely utilized in Soviet science and in 
the exact branches of industry, for example, in electrical and radio- 
engineering; it is used wherever an unchangeable metal of high electro- 
conductivity and resisting all chemical reagents is required. From 
the vaults and safes gold will come to plants and lalioratories as an 
eternal metal. 




RARE DISPERSED ELEMENTS 


The earth's crust consists of scores of chemical elements. Only 15 
of these are relatively abundant and usual and we can find them in 
the composition of most rocks; the others arc found more rarely. 

At the same time some of the rarer elements accumulate in large 
quantities as ore minerals in ore deposits; others, as for example gold 
or platinum, of which the earth's crust contains very little, form 
minutest, hardly visible granules of native metals and, only very 
rarely, larger nuggets. 

But rare as they arc they arc found in the form of their owm inde¬ 
pendent minerals, be they even so small as to be invisible to the eye. 
There are other elements, though, of w'hich there is very little in the 
earth’s crust and w^hich do not form their own minerals. The chemical 
compounds of these elements arc dissolved in other, more usual minerals; 
as salt or sugar arc dissolved in water and you cannot tell by the external 
appearance w^hether it is pure w'ater or it has something in 
solution. 

It is similarly difficult and not always possible to judge by the 
external appearance of minerals what chemically dissolved admixtures 
they contain. While it suffices to taste w'ater to tell whether it is tasteless, 
salty or sweet, the chemical analysis of minerals is a much more complex 
affair and it is especially hard to isolate the chemical elements which 
have hidden themselves in foreign minerals. 

Chemical elements have travelled a long and arduous course through 
melts and solutions before they have combined into solid minerals, 
i.e., the most stable chemical compounds, in rocks or mineral veins. 
In their long travels they have suffered many different transformations. 
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Multiple crystallization of solutions for the division of rare earths in a modern 
laboratory 


Those that especially resemble each other have gone through everything 
together and inseparably. 

The greater the similarities of the chemical properties of any two 
elements the harder it is to find a chemical reaction to separate them. 
Instead of forming their own minerals some rare elements were dissolved 
and dispersed, sometimes through many minerals or other chemical 
elements, and we, therefore, call them dispersed elements. 

What are these elements, though? You will hardly hear of them in 
everyday life or even at school chemistry lessons, although with 
the development of engineering they come more and more into 
general use. 

These elements are gallium, indium, thallium, cadmium, germa¬ 
nium, selenium, tellurium, rhenium, rubidium, cesium, radium, 
scandium and hafnium. We have enumerated only the most 
characteristic ones, though the list could be continued. 
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Let us sec where and how these rare 
dispersed elements are found in nature, how' 
man has learned to detect them in other 
minerals and where they are used. 

Here we hav-e before us a yellow'ish- 
brown mineral which, when broken, forms 
perfectly smooth shiny surfaces. This mineral 
is rather heavy and hardly resembles an 
ore, though it is an ore. It is known as 
zinc-blende or sphalerite. 

Its composition is very simple: for each 
atom of zinc there is an atom of sulphur. 
But this is only the basic background; these 
arc only the main constituents. The com¬ 
position of zinc-blende only seems simple. 
Whereas our sample is yellowish-brown, 
other samples of the same mineral may be brown, dark-brown, black- 
brown and even altogether black; in the last case they have a real 
metallic lustre. 

What is the matter then? 

It appears that the dark colour of zinc-blende is due to an admixture 
of iron sulphide which is dissolved in it; zinc-blendes which do not 
contain iron are nearly colourless or arc yellowish-green or light- 
yellow. The more iron the darker the zine-blende. This means that 
the colour of this mineral is a true index as regards iron. Studies of 
the internal structure of zinc-blende by X-rays have shown that the 
separate particles of zinc and sulphur arc so arranged in it that each 
atom of zinc is surrounded by four of sulphur and each atom of 
sulphur by four of zinc. 

What has happened is that iron has taken the place of some of 
the zinc atoms and has given the zinc-blende its colour; furthermore, 
the iron atoms have arranged themselves quite uniformly; one atom 
of iron has taken the place of cither every rooth atom of zinc, or 
every 50th, or every 30th, 20th, loth. . . . And this is where the good 
host—zinc—turned to iron and said: “Aren’t you taking too much 
room in my hou.se?” Though there is much more iron than zinc 
in nature the former can replace the latter in zinc-blende only to 
a certain extent; this peculiarity scientists call limited mixing ability. 
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This example can he used for another interesting comparison; 
just as a mouse or a hear would never look for shelter in a foxhole 
hecause it is too large for the former and tf3o small for the latter, and 
can only he used by animals of about the size of a fox, so can zinc 
in sphalerite he replaced only by the elements whose atoms are close 
in size to those of zinc. 

Cadmium, gallium, indium, thallium and germanium are .some 
of the rare elements we find in zinc-blende. . . . Not only zinc, however, 
})ut sulphur, too, is able to play host (though to a much lesser extent) 
to two other rare dispersed elements selenium and tellurium. 

As you sec, the composition of zinc-blende turns out much more 
complex than it appears^ at first sight. Almost the same can be said of 
the so-called grey copper ores, of copper pyritc (chalcopyrite) and 
of many other minerals. 

But geochemists have discovered additional regularities: it appears 
that the iron-rich black zinc-blendes hardly ever contain any cad¬ 
mium, l>ut they are rich in indium and sometimes in germanium; 
they have also found that gallium accumulates mainly in light-browm 
zinc-blendes and cadmium in honey-yellow sphalerite. 

The dark-coloured varieties are usually richer in selenium and 
tellurium. This shows that chemical elements do not equallv' make 
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friends indifferently, and what “roomers” may be allowed to take 
the place intended for zinc depends on various conditions and 
different neighbours. 

Detection of rare dispersed elements is no easy matter and requires 
special methods. Their high value forces man to look for them even 
when their content is very low'. Conventional chemical analysis with its 
most perfect methods and most sensitive chemical reactions is now supple¬ 
mented by spectroscopic and roentgcnochemical methods of analysis. 

Without requiring complex chemical separations they are capable 
of showing at once w'hat other chemical elements and in what quanti¬ 
ties the mineral contains. Zinc-blende that contains only o.i per 
cent indium is no longer a zinc, but an indium ore, because even 
with this meagre content the little indium is of greater value than 
all of the zinc contained in the mineral. 

But why have these rare dispersed elements attracted so much 
attention? Why this interest in them? What makes them so valuable? 
The main reason is their specific uses. It is the peculiar, special prop- 



Testing tungsten filament for electric bulbs. Top; Silhouette of a 6o watt bulb fila¬ 
ment magnified 8o times. Centre: Second spiral coil. Bottom: Human hair for 
comparison 


240 




erties wliicli either the inctals themselves their compounds 

possess. 

Thus thorium oxide, w'hen healed, sheds a brilliant light, and this 
j)roperty has found its application in Auer's incandescent mantles. 

Rubidium and cesium are used in mirrors which easily emit electrons, 
and this makes them indispensable in pliotocells. 

Let us trace the uses of the rare metals or their compounds produced 
from tlie zinc-blende just described. 

Cadmium.... A light-grey, comparatively soft and fusible metal; 
melts at 32 C C^. Hut suffice it to alloy one part of metallic: cadmium 
with one part of tin, two parts of lead and four parts of bismuth (eac'h 
of which melts at a temperature above 200' C.) to prcjduce an alloy 
which is known as Wood’s metal and which melts at only 70’C^ 
just think of it! If you make a tea-spoon out of this alloy and begin 
to stir your hot tea with it the spoon may melt, and you may find 
a layer of liquid metal on the bottom of your cup. If you combine 
the same four metals in different proportions you will produce the 
Lipowitz alloy which melts at only 55^ C. With this molten metal you 
could not even burn your hands. 

Fusible metals are used in many branches of industry. There is a 
metal which can be melted by only being held in the hand, and it is 
a pure metal and not an alloy. It is gallium, one of the rare dispersed 
metals found in zinc-l)lendc (gallium is found, besides, in micas, 
clays and in some either minerals). 

Cbillium melts at only 30^' C. and after mercury, which melts at 

.3(V' Cl., it is one of the most fusible metals that successfully replaces 

mercury; mercury vapours, as is well known, arc very poisonous, 
which cannot lie said about gallium. Cxallium, like mercury, can there¬ 
fore, be used in the manufacture of thermometers; but while we can 
measure temperatures over a range 
of from - 40" C*. to 360'' C^. by 
mercury thermometres, because 
mercury begins to boil at this 
point, with gallium thermornclres 
we can measure temperatures from 
30'' C'. to the ])oint of glass soften¬ 
ing, i.e., between 700 and 900'’ C'., 
and if we take quartz glass we can 
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measure temperatures up to 1,500*" C., since the boiling-point of gallium 
is 2,300''C. 

If we use special fireproof glass for such thermometers we can 
measure the temperatures ,of flames and of many metals in the 
molten state. 

Incidentally, gallium has one more interesting peculiarity. Like 
ice which is lighter than water and therefore floats on the surface 
of water, solid metallic gallium is also lighter than molten gallium 
and can therefore float on the surface of liquid gallium. 

'rhis rare peculiarity is inherent also in bismuth, paraffin and 
pig iron. All other substances sink in their own melt. 

But let us come back to cadmium. In addition to yielding valuable 
fusible alloys this metal is also used for the tramways. 

Have you ever seen an old trolley bow? What a deep .trough is 
formed in it as a result of constant friction against the wire! The 
tram wire against which the bow rubs wears similarly. 

And here we find that suffice it to add only one per cent cadmium 
considerably to reduce the wear of' the wire. Cadmium is also used 
in the production of stained glass lor signal lights. I'he addition of 
cadmium sulphide to glass colours the latter a beautiful yellow, while 
cadmium selenide colours it red. 

The use of indium is no less interesting than that of cadmium. 

It is well known that copper-containing alloys corrode rapidly in 
salt sea-water. And yet it is not always possible to replace these alloys 
by chemically stabler substances which arc required for submarines 
and hydroplanes. It appears that an addition of a very small amount 
of indium to these alloys considerably increases their resistance to the 
chemical action of salt sea-water. 

The addition of metallic indium to silver greatly enchances its 
lustre, i.e., its reflective ability. This property is utilized in the pro¬ 
duction of mirrors for searchlights, since the indium contained in the 
mirrors appreciably increases their power. 

Selenium, a rare and dispersed element and sulphur’s closest 
relative, usually found in small amounts in .sulphide ores, pos.sesscs 
most unexpected properties. 

'I’he electroconductivity of selenium varies with its illumination. This 
property of selenium is u.sed in the techniques of transmitting images 
by telegraph and radio. It serves as the basis of many automatic con- 


242 



trollers which register light and dark objects moving on conveyers. 
Finally, accurate illumination measurements have become possible 
only because of selenium. 

Selenium finds another important application in the production 
of j)ure colourless glass, (ilass is usually made from quartz sand, lime 
and alkali (soda or sodium sulphate). The sand used must be as pure 
as possible, and especially free of iron because iron imparts to 
glass the greenish shade we see, for example, in bottle glass. 

It takes very little iron to impart this colour to glass. Window-panes 
require clean colourless glass; even better glass is needed for spectacles, 
while optical instruments microscopes, binoculars and telescopes— 
rec|uire al)solutely llawless glass. 11' we add sodium selenite to molten 
glass the selenium will interact chemically with the iron, will extract 
the latter from the mcjlten glass resulting in fine colourless glass. 

'The glass used in the production of special optical instruments, high- 
magnirying binoculars and powerful cameras must possess a number 
of other special properties. 'Fhese properties can be produced by the 
addition ol’ small amounts ol' germanium dioxide. 

(iermanium is one of the rare dispersed elements which, like selenium, 
is present in small amounts in certain varieties of zinc-blendes. It 
is also found in .some grades of coal. 

Now we know how the rare dispersed elements behave in minerals 
and in ores. We hav(' learned al.)out some of the properties of these 
umisual metals and about ihcir peculiar uses. 

The importance of these uses explains why geochemistry devotes 
so much attention to tlie rare dispersed elements. 



HISTORY OF THE ATOM 
IN NATURE 




METEORITES—HERALDS OF THE UNIVERSE 


It is a dark moonless night. The last gleams of evening twilight 
have faded. "I’hc stars shine brightly in the infinite depths of the firma¬ 
ment, sparkling and twinkling iridescently. The noise in the villages 
has gradually died down. Nothing stirs in the stillness of the night 
and only a light breeze is barely heard rustling in the trees. 

Suddenly everything is illumined by a bright and, as it were, flicker¬ 
ing light. A fire-ball rushes across the sky scattering sparks and leaving 
a barely luminous, misty trace. The fire-ball is extinguished before 
reaching the horizon as suddenly as it appeared, and everything is envel- 


<')ped in the darkness of the night 
again. Hut several minutes later sharp 
sounds like explosions or thunder of 
heavy artillery jiieces are heard. This 
is followed by a roar, a crackle and a 
prolonged, gradually fading rumble. 

Some of our readers may have 
witnessed a similar phenomenon. But 
what is it? What is this fire-ball and 
where has it come from? 

In addition to the nine major 
planets— Mercury, Venus, the Karth, 
Mars, Ju[>iter, Saturn, Uranus, Nep¬ 
tune and Pluto*—-a large number 

♦ The planets are named according as 
their distances from the Sun increase. 
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of small plaiuns or asteroids move 
around the sun in interplanetary 
space. More than 1,500 asteroids 
are known today; ol' these Ceres 
is the largest with a diameter of 
770 kilometres while the smallest — 
Adonis has a diameter of only one 
kilometre. There are undoubtedly 
innumerable other smaller asteroids. 
Their diameters are measured by 
metres and even centimetres. These 
are essentially no longer planets 
M cam and the earth’s orbit i>ut rather fragments of boulders or 

stones and small granules which 
can be put on the palm of the hand. I'hey arc, certainly, not 
planets. We could not see them from the earth even through the 
most powerful telescopes. We call them meteoric bodies; none of them 
have a regular spherical form. 

Most of the large asteriods move around the sun, each in its owm 
definite orbit in the space betw'een the orbits of Mars and Jupiter. Here 
they form the so-called “asteroid zone.” The orbits of an enormous 
number of small asteroids or meteoric bodies are outside this zone. 
They cross the orbits of the large planets including that of our earth. 
While moving around the sun the earth and a meteoric body may find 
themselves simultaneously at the intersection of their orbits. It is at this 
moment that the meteoric body comes Hying into the atmosphere of the 
earth causing the appearance in the sky of a fire-ball called a bolide. 

In approaching the atmosphere of the earth the meteoric body may¬ 
be moving in interplanetary space in a direction opposite to that of the 
earth. In this case it may develop the extraordinary speed of up to 
70 kilometres per second or even more. If the meteoric body is moving 
in the .same direction as the earth, i.e., it is cither “catching up” with 
the earth or “being caught up” by it, its initial speed is approximately 
11 kilometres per second. But even this .slowest rate is very high; it is 
many times the speed of a shell or a bullet as they leave the gun. 

Owdng to this high speed (or as it is called cosmic speed) the meteoric 
body that has come into the atmosphere meets with a strong resistance 
of the air. Even at an altitude of 100 to 120 kilometres where, as w'e 
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know, the atmosphere is extremely rare the meteoric body encounters 
such great resistance due to its enormous speed that its surface is iicated 
to several thousand degrees and becomes luminescent. The air surround¬ 
ing the meteoric body is also heated. It is at this moment that the speed¬ 
ing fire-ball bolide—appears in the sky. This fire-ball is the hot 
gaseous shell enveloping the meteoric body. Contrary streams of air 
precipitately break the continuously melting substance off the surface 
of the meteoric body and spray it in minutest drops. Hardening in the 
shape of globules these drops form, as it were, a smoky trace, which the 
bolide leaves behind. 

At an altitude of about 50 to 60 kilometres, where the atmosphere 
becomes already sufficiently dense for the propagation of sound waves, 
a so-called ballistic wave is formed around the meteoric body. 7 'his is a 
dense layer of air which precedes the metc^)ric body. Upon reaching 
the earth’s surface the l>allistic wave produces the roar and rumble 
which arc heard several minutes after the disappearance of the bolide. 

As the meteoric body precipitately penetrates into the ever denser 
lower layers of the atmosphere it meets with the rapidly increasing 
resistance of the. air. Its motion is retarded and at an altitude of about 
10 or 20 kilometres it loses its cosmic speed. The meteoric V)ody gets 
“stuck,” as it were, in the air. This part of its path is called the “region 
of delay.” Here the heating and disintegration of the meteoric body 
ceases. If it has not fully disintegrated the molten layer on its surface 
quickly cools, hardens and forms 
a crust. The hot gaseous shell 
the 

pears. The fiew 

the 

The remnant the meteoric body 
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The brightest bolides can be dis- 

cemed even in the day-time in the ph„,„g,aph of a , shaped trace of a 
full light of the sun. Particularly bolide observed on September 24, 1948 
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well seen arc the smoke traces which the bolide leaves behind. These 
traces can be observed for periods lasting many minutes and even more 
than an hour. 

Under the influence of strong air currents in the upper layers of the 
atmosphere the trace of the bolide, rectilinear in the beginning, gradually 
curves. Like a legendary giant serpent it stretches across the sky and 
disappears by breaking up into small fragments. 

It is precisely the bolides and the traces they leave behind that have 
given rise to popular legends about flights of fiery serpents and the 
fairy-tale about the flying dragon. 

Bright bolides appear rather rarely. But many of our readers have 
probably seen meteors or, as they are also called, “shooting stars.'’ 

Meteors are formed from very small meteoric bodies weighing 
fractions of a gram which come flying into the atmosphere from inter¬ 
planetary space. Such minute meteoric bodies completely disintegrate 
in the atmosphere and do not reach the earth’s surface. 

We shall now make a closer acquaintance of meteorites, these heralds 
of the universe, these strangers from interplanetar)' space. 

The Mineralogical Museum of the U.S.S.R. Academy of Sciences in 
Moscow has the country’s largest and the world’s best collection of 
meteorites. The collection includes many rare or singular meteorites. 
In the numerous show-cases of the large light hall of the museum the 
visitor can sec wonderful samples of stones many of which are described 
in this book. They surprise the visitor by their diverse and at times 
very brilliant colours. But in addition to these attractive stones special 
show-cases display monotonous gray, Ijrovvn and black stones and pieces 
of partly rusted iron. What are ihc.se unattractive exhibits? Why, these 
are the meteorites. For a long time, for thousands of millions of years 
they had travelled in space and at last, when they met the earth, their 
wandering ceased. 

The meteorites represent the only unearthly substance which we can study 
in our laboratories directly by using up-to-date integrated methods 
of research and complex apparatus. We can hold the meteorites in our 
hands, determine their chemical and mineralogical composition, and 
study their intricate structure and physical properties. They open before 
us remarkable pages from the history of the universe and the evolution 
of celestial bodies. They can tell us about many most interesting and 
wonderful phenomena occurring outside our earth. There is a great 
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deal that is as yet unknown 
about meteorites and some 
of their interesting I'eatures 
have not yet been fully 
explained. However, the 
studies of meteorites be¬ 
come more proi'ound with 
each passing year and our 
knowledge of them is grow¬ 
ing ever more cf)mplete. 

The main task facing 
ilie scientists, who are 
studying the meteorites, is 
to ascertain the conditions 
under which they are 
formed and their sub¬ 
sequent history. 

Meteorites are divided into irons^ stones and stony-irons. Iron meteorites 
consist of an iron-nickel alloy. They fall much more rarely than stone 
meteorites. Thus an average of only one iron meteorite falls for every 
sixteen stone meteorites. Stony-iron meteorites fall still more rarely. 

Here we have a black irregularly shaped fragment. This is the Kuz- 
netsovo stone meteorite* which fell in western Siberia on May 26, 1932; 
it weighs a little over 2^2^^- covered all-around by a black fused 

crust. A small split on the meteorite shows its internal ash-gray sub¬ 
stance. 

It hardly differs from terrestrial rocks externally. But if you examine 
tlie fracture carefully you can see numerous minute sparklets dispersed 
in the meteorite’s substance. These are inclusions of ferro-nickel (iron 
and nickel alloy). In the.se inclusions you can see bronze-yellow spark¬ 
lets; these are a mineral, known as troilite, a chemical compound of 
iron and sulphur. In addition to troilite we encounter inclusions of 
another, lighter mineral, which is a compound of iron and phos¬ 
phorus and is called schreil^ersite. 

The fracture shows that the fused crust which covers the meteorite 



7 'hc Kuijnct.sovo stone meteorite weighing more 
than 2.5 kg. It fell in Novosibirsk Region on 
May 26, 1952 


* Kach meteorite is named after ihe populated point clo.scst to the location 
of its fall. 
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Fal! of a meteorite in Switzerland (after a 
15th-century drawing) 


is very thin; it is only about 
a tenth of a millimetre thick. 
The attention of the visitor 
is attracted by peculiar now 
round and now somewhat 
oblong dents on the surface of 
the meteorite resembling 
traces of fingers. These dents 
arc called regmaglypts. They are 
formed on meteorites as a re¬ 
sult of the action of separate 
heated gaseous streams during 
the movement of the meteoric 


body through the atmosphere 
at cosmic speed. The fused crust and the regmaglypts are the principal 
signs of meteorites. 

And here we have another stone meteorite. It is half-split; the point 
of fracture shows its internal substance which is as black as its fused 
crust. This is the so-called Staroye Boriskino carbonaceous chondrite 
which fell in Orenburg Region on April 20, 1930. This meteorite also 
has other features of which we shall learn later. 


Next to this meteorite we see a stone meteorite nearly all white both 
inside (at the point of fracture) and outside (colour of the fused crust). 
This meteorite known as the Staroye Pesyanoye fell in Kurgan Region 
on October 2, 1933. 

More than a dozen separate stones weighing a total of about 3.5 kg, 
were found after the fall of this meteorite. This meteorite is very brittle. 
It crumbles easily even when lightly touched. It is surprising that so 
brittle a meteorite could have overcome the enormous resistance of the 
terrestrial atmosphere without crumbling into sand as it rushed through 
the atmosphere at cosmic speed. The point is, however, that its region 
of delay was high above the earth in a layer of very rare atmosphere. 

We have made the acquaintance of samples of meteorites which show 
their typical signs and the differences in the colour of their internal 
substance. 

Let us continue examining the meteorite collection. In the adjacent 
show-case we sec groups of stones of different sizes and irregular shapes. 

The show-case bears the inscription: “Meteorite Rains.” 


252 


Uumh(»ldt and Hc»nplaiii{ oh'scrvc a meteoric rain in South America in 1799 



Alctcciritic crater in the State of Arizona (I’ S A.)- Diameter of crater -1.2^0 metre 
depth-about 180 metres 

It appears that in inovinir throui^h ihc terrestri;il alini>s]>hert' at 
msiiiic speed meteoric bodies nearly always l>reak iij> into sc^parate 
]'>arls which arc dispersed over the earth's siirfact* coverinti^ an area 
ol* dozens of square kilometres. 'l"he meteoric, bodies iisnalb' brt*ak up 
before reachiiii^ the ret^ion of delay where the resistance of the :iir 
increases especialK- sharply. Owini^ to the irrei^nlar shape oi'the meteor¬ 
ic V>odies the pressure of the air which reaches enornioiis values is 
distributed iint*qiially along their front surface ;ind the latter breaks ii]>- 
'I'here had been cases t>f real stime rains after which many thousands 
of separate small meteorites were collected. 'I'he most abundant mete¬ 
orite rain fell near Ilolbrook, the 'L^.S.A., «>n July 19, I'oiirlcen 

thousand stones weighing a total of ai8kg. were collected here on ;in 
ar<‘a of about 4 scj. km. 

In the show-case we see the stcjiies from the Pt'rvomaisky Posyolt>k 
meteoiit«‘ r;iin. This was one ol’ the most abundant meti*orit<‘ rains in 
the l-'.S.S.R. It i'c-ll in Ivantivo R<*gion on l>*'cembc'r izi'y, tpalT <)/ 
stones weighing a total of about 50 kg. were fonnd i>n ;m area of nearly 
:20 SC], km. 




School children took an active part 
in collecting this meteorite rain which 
fell in winter. Separate meteorites went 
through the snow and were retained 
on the surface of the congealed ground. 

This made it possible to collect the 
meteorites in the fields without any 
difficulty the following spring, as soon 
as the snow had melted. 

Next to the stones of the Pervo- 
maisky Posyolok meteorite rain we see 
the stones of another, so-called Zhov- 
tnevy Khutor, meteorite rain which fell 
in Stalino Region on October 9, 1938. 

These stones arc noted for their large 
size, the largest of them weighing 32, 2i and 19 kg., the total weight 
of the 13 collected stones being 107 kg. 

The stones of another meteorite rain, known as the Pultusk mete¬ 
orite rain, which fell in Poland on January 30, 1868, are also interesting. 
3,000 stones were collected after this rain. 

In the next show-case we see side by side two interesting meteorites: 
a giant and a dwarf. One of them weighs 102.5 kg,, the other, the size 
of a nut, weighs only 7 grams, 'riiese meteorites fell simultaneously in 
the Tatar A.S.S.R. on September 13, 1937, about 27 km. apart. 
Fifteen more stones weighing a total of about 200 kg. were collected 
here in addition to these two meteorites. 

Let us proceed to the next show-case. Here we see samples of mete¬ 
orites which have typical form. The most usual form is the fragmentary. 
But here is a meteorite that looks like a war-head. It is the Karakol 
stone meteorite which fi‘ll in Semipalatinsk Region on May 9, 1840. 
It weighs about 3 kg. This meteorite acquired its conical shape as a 
result of the grinding action of the terrestrial atmosphere during its 
movement through the latter at cosmic speed. It fell on the earth without 
breaking up in the atmosphere. 

Next to this meteorite we see another one; it is also a conically-shaped 
iron meteorite called Rejicyev Khutor. It fell in Astrakhan Region on 
August 8, 1932, and weighs more than 12 kg. 

Our attention is attracted by the next meteorite. Its shape resembles 




The Karakol stone meteorite vei^jh- 
ing about 2,8 kg. It fell in Semi- 
pnlatinsk Region in May 9. 1840. 
The meteorite is conically-shapcd 
and looks like a war-head 



"Ihc meteorite which fell on Septemher 29, 1958. It went through the roof of a ^ara^e 
nnJ the top of an automobile and droppetl on a seat, VC'eitjhs 1,814 fifams 


an rniji'inous crx'stal. "I'his is tlie Ximokhina stone meteorite wliich weighs 
about 49 kg.; it fell f^n the territory of Smoh!risk Region on March 23, 
1807. 'I'lie meteorite has acquired its form as a result of the initial 
break-up of one nietetjric body into several parts during its mf>vement 
through the atmcjsphere at cosmic speed. 

Studies have shown that stone meteorites can split ah>ng their smooth 
surfaces like lumps of sugar. 'T'his is explained by the properties of 
their int<‘rnal strucliirt! and mineralf>gical composition. We see that 
in many other metefirites of the stone class, including some cjf 
the stones of meteorite rains, separate surfaces are also flat and 
smooth. 

Xhc largest meteorites are displayed on special stands. 'The largest 
of these, a sample of the Sikhf>ta-alin iron rnetc'orite rain weighs nearly 
two tons (1,743 l^g-)- "1 he meteorite attracts our attention l>y the vc*ry 
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intercstiiij^ structure of its surface. 

It has sharply pronounced oblong 
regmaglypts directed radially to¬ 
wards the central part of its wide 
surface, "“rhe regmaglypts show how 
separate heated gaseous streams 
flowed past the meteorite during its 
movement through the atmosphere 
at cosmic speed. 

Three more large samples of the 
same Sikhota-alin rain weighing 
500, 450 and 350 kg. respectively 
lie next to this meteorite. 

The Boguslavka iron meteorite, 
which fell in the Far East on October 
18, 1916, is also remarkable. It con¬ 
sists of two pieces weighing 199 and 
57 kg. respectively. This meteorite 
broke up in its motion through the air. 

And here is another very large stone meteorite named Kashin; it 
fell on the territory of former Tver Region on February 27, 1918, 
and weighs 127 kg. 

The next show-case brings us to the end of our meteorite excursion. 
In this case we see a large meteorite cut in halves; originally it weighed 
more than 600 kg. Both cut surfaces have been polished and now show 
its remarkable internal structure. It looks like an iron sponge the cavd- 
lies in which are filled with a transparent glassy greenish-yellowish 
substance—a mineral known as olivine. It is the first of the preserved 
meteorites in our country given the name of pallas iron. This 
meteorite belongs to the class of stony-irons (parasites). The meteorite 
was found in Siberia in 1749 by a blacksmith named Medvedev. In 
I 772 the meteorite was brought to the Academy of Sciences in Petersburg 
by Academician P. Pallas. There it was studied by E. Khladny, well- 
known scientist and corresponding member of the Academy. The re¬ 
sults of his studies were published in a special book in Riga in 1794. 
In this book he was the first to prove the unearthly origin of this lump 
of iron, i.e., its appurtenance to meteorites, and the possibility of mete¬ 
orites’ falling on the earth. 



Ir.c linioKhina scone meicorite weigh¬ 
ing dose to 49 kg. It fell in Smo¬ 
lensk Region on March 25, 1807. The 
meteorite has a multi-sided form 
which resembles a crystal 



E. KhldilFiy 
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The Jarj;est meteorite from the Sikhota-alin iron meteorite rain which fell in the Far 
Hast on February 12 , 1947. The meteorite weighs 1,745 kg. 



The Bogus! avka iron mete¬ 
orite; fell in the Far Hast on 
October 18, 1916. It consists of 
two parts weighing 199 and 
57 kg. 


At that time KLhladny's inferences 
were criticized and ridiculed by West- 
Kuropean scientists. They did not be¬ 
lieve the fall of meteorites possible and 
thought the reports of eyew'itnesses to have 
been inventions. But about ten years after 
the publication of K.hladny’s book an 
abundant meteorite rain fell near the town 
of L’Aigle, France, on April 26, 1803; 

close to 3,000 stones were gathered in 
after that rain. Numerous inhabitants saw 
this meteorite rain. Following this the 
scientists of Paris, as well as other scien¬ 
tists of Western Europe, could not 
help acknowledging the existence of 
meteorites. 

The foregoing shows that Russia was the 
birth-place of the science of meteorites— 
meteoritics. 
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The aforesaid large meteorites in the 
collection of the U.S.S.R. Academy of 
Sciences are not the very largest. The 
largest meteorite in the world is the 
Goba iron meteorite found in West 
Africa in 1920. It weighs close to 60 
tons and has the shape of a rectangular 
slab 3x3x1 metres in size. The 
meteorite is still located where it was 
found and is exposed to the disinte¬ 
grating action of the atmosphere. 

There are also other iron meteorites 
weighing 33.5, 27 and 15 tons. The 
largest stony meteorite weighs about 
one ton. It fell in the U.S.A, in 1948. 

Now let VIS examine the internal 
structure of meteorites. 



The Pallasovo ilheiczo meteorite 
found south of ICrasnoyarsk in 
1749. The picture shows grains of 
olivine in metallic iron 


In a separate show-case we see specially arranged samples. Here is 
an iron piece with a polished surface and a mirror-like lustre. Next to it 
lies another sample whose polished surface has been treated with a weak 
acid solution. On this surface we see a wonderful pattern of interweaving 
lines and fine shiny borders. This 
pattern is a result of the unequal 
pickling action of the acid. 

The point is that the iron meteorites 
are not uniform in their mass. They 
are composed of separate plates from 
a fraction of a millimetre to two and 
more millimetres wide. These plates 
Consist of iron with a small admixture 
of no more than seven per cent nickel. 

Because of this the polished surfaces of 
the plates are acted upon by the acid 
and after pickling become rough and 
lustreless. Contrariwise, the shiny 
narrow lines bordering these plates 
consist of iron with a large admixture 
of about 24 to 25 per cent nickel. 


i 


\X iclrnanstattcn figures on the 
etched surface of a plate cut out 
of the Chebankol iron meteorite 


IT* 


259 



Owing to this they resist the action of 
the acid solution and after pickling 
remain as shiny as ever. The pattern 
obtained on the pickled plates of iron 
meteorites is known as Widmanstatten 
figures^ named after the scientist who 
had first discovered them. 

The iron meteorites which show 
Widmanstatten figures are called octa- 
hedrites because the plates which form 
the figures are arranged along the sides 
of a geometric figure that has eight 
sides and is called an octahedron. 

Xot all iron meteorites show Wid¬ 
manstatten figures after pickling. Some pickled surfaces of iron mete¬ 
orites show fine parallel lines called Neumann lines after the scientist 
who discovered them. 

The meteorites showing Neumann lines contain the least nickel 
(about five to six per cent). They are monocrvstals in dieir rna':’?. 

i.e., single crystals of the cubic system 
with six sides, and are called hexahe¬ 
drons. The iron meteorites which show 
Neumann lines are, therefore, called 
hexahedrites. 

We encounter one more type of 
iron meteorites, known as ataxiteSy 
w'hich means “devoid of order.” These 
meteorites contain the most nickel 
(more than 13 per cent) and when 
pickled their polished surfaces show 
no definite pattern. 

Stony meteorites also have a very 
interesting structure. 

Here is a fragment of a meteorite in 
a fracture of w’hich we can see perfectly 
regular globules, resembling shot, 

even with a naked eye. Under a , , . . , , . 

^ Chondrulcs in the fracture of a stone 

microscope the entire surface of the meteorite (chondrite). Saratov 



.3 


Neumann lines on the etched sur¬ 
face of a plate cut out of the Bogu- 
slavka iron meteorite (sec picture 
on page 258) 
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fracture in some meteorites seems covered with these globules whose size 
is a fraction of a millimetre and even smaller. The globules are called 
chondrules, while the meteorites containing them are know'ii as chondrites. 

The chondrites are the most widespread meteorites and constitute 
approximately 90 per cent of all stony meteorites. The chondrules are 
structures typical only of meteorites. They are never found in terrestrial 
rock and their presence in an unknowm sample may, therefore, serve 
as a reliable indication that this sample is a stony meteorite. Scientists 
have come to the conclusion that the chondrules are rapidly cooled 
drops of molten substance of the meteorite and that they were formed 
at the same moment as the meteorites. 

In addition to the chondrites there are also stony meteorites which do 
not contain any chondrules and which are called achondrites\ true, these 
achondrites are much fewer. The fractures of these meteorites show 
angular fragments of separate minerals cemented by the fine-grained 
principal mass of the meteorite. The structure of these meteorites very 
much resembles that of terrestrial rock. There arc still other, rarer 
types of stony meteorites with their own peculiarities, but we shall not 
dwell on these. 

Now let us examine the composition of the meteorites. The following 
table shows the chemical composition of meteorites of different classes. 


Avera^ce Chemical Composition of Meteorites of Different (Classes 


Chemical elements 

Average 

chemical composition 

irons 

Stony- 

irons 

Stones 

Iron. 

90.85 

4950 

I 3.6 

Nickel. 

8.5 

5.00 

1.10 

Cobalt. 

0.60 

0.25 

0.08 

Copper . 

0.02 

— 

0.01 

Phosphorus. 

0.17 

— 

0.10 

Sulphur. 

0.04 

— 

1.82 

Carbon. 

0.13 

— 

0.16 

Oxygen. 

— 

21.30 

41.0 

Magnesium. 

— 

14.20 

14*30 

Calcium. 

— 

— 

I .80 

Silicon. 

— 

9-75 

21.00 

Sodium. 

— 

— 

0.80 

Potassium . 

— 

— 

0.07 

Aluminium. 


— 

1.56 

Manganese. 

— 

— 

0. 16 

Chromium . 

— 

— 

0.40 




















In the table we see all familiar chemical elements and not a single 
new one. Is it possible that the meteorites, these strangers that have 
come to us from distant spaces of the universe, do not really have any 
new chemical elements, any more wonderful chemical elements than the 
ones we know’ on earth? Is it possible that in the distant parts of inter¬ 
planetary space there is nothing new, nothing unlike the things we have 
on our earth? 

As a matter of fact the most accurate and most painstaking analyses 
of the most diverse meteorites conducted over a period of more than loo 
years by a large number of scientists have showm that they do not con¬ 
tain a single chemical element unknown on the earth. At the same time w^e find 
in the meteorites practically all of the chemical elements w’e know on 
the earth though most of them constitute a ver\' negligible part detected 
only by fine spectral analysis. 

In recent years scientists have obtained one more important con¬ 
firmation of the common origin of these celestial bodies. 

Scientists have studied the isotopic composition of a number of chem¬ 
ical elements of both terrestrial and mcteoritic origin. They have 
found also in this case a complete identity of the isotopic composition of the 
elements. 

The foregoing taljle shows that the stone meteorites contain mostly 
the follow'ing chemical elements: oxygen (41.0 per cent), iron (15.6 per 
cent), silicon (21.0 per cent), magnesium (14.3 per cent), sulphur (1.82 
per cent), calcium (1.8 per cent), nickel (i.i per cent) and aluminium 
(1.56 per cent). 

Oxygen is present in the meteorites in combination with other ele¬ 
ments forming various minerals (silicates and oxides). Iron is also con¬ 
tained partly in combination with other elements and partly in the 

metallic phase in the form of 
these minutest sparklets which 
we sec in the fractures of 
meteorites and which are spread 
throughout their mass. 

However, the content of 
chemical elements in separate 
meteorites may considerably 
differ from their average com¬ 
position. 



Marshy terrain in the region o£ the fall 
of the Tunguska meteorite 
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Precious metals are found in meteorites in negligible quantities. For 
example, an average of five grams of silver and gold and I20 grams of 
platinum are found per ton of meteoritic substance. 

Meteorites fall on the earth incessantly. Scientists have estimated that 
at least i,ooo meteorites fall on our earth annually. However, only an 
insignificant part of them, about four to five meteorites, are discovered 
during the year. 

The rest of the meteorites w’hich fall into seas and oceans, in polar 
countries and deserts, in mountainous or wooded regions, away from 
inhabited areas in general, are never found. They disintegrate under the 
action of the atmosphere and become part of the soil. 

Meteoritic atoms mix with those of the earth. From the soil they get 
into plants and through the plants, which are used for food, as well as 
through the animals, which eat the plants and serve as food for man, the 
meteoritic atoms find their way into man’s organism. 

We see that not only our earth, but also the organic life on it is 
closely interlinked with the part of the universe surrounding it. 

Scientists have tried to estimate the annual increase in the mass 
of the earth due to the fall of meteorites. It appears that from five to 
six tons of meteoritic substance fall on the earth every day. 

Thus, the mass of the earth annually increases by about 2,000 tons. 
This is, of course, a negligible amount even if it is somewhat increased 
by the settling of atmospheric meteoric dust formed on the earth by the 
movement and destruction of the meteoric bodies. Academician V. 
Vernadsky did not believe that the mass of the earth increased. 
He wrote that while the earth 
received substance in the form ol 
meteorites and meteoric dust it 
gave off into the solar system 
other material particles, atoms, 
mainly gaseous, and very' fine 
dust. This resulted in a mobile' 
material equilibrium. Academi¬ 
cian Vernadsky thus came to the 
conclusion that we were dealing 
“yio/ with accidentalfalling of separate 
meteorites^ bolides and cosmic dust 
on the earthy but with a great plane^ 



J'clJcd trees in the rc/;;ion of the fall of 
the Tunguska meteorite 
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Tlic largest crater. 28 metre.'* in ditameter ai»d 6 metres deep at the .site of the 
fall of the Sikhota-alin iron meteorite rain 


tary processy with a material exchange between our planet and cosmic space 
It is in this process that the inevitable interaction between our planet 
and the environment, i.e., with interplanetary space, consists. 

While the chemical analysis of meteorites has not yielded anything 
new', though very important inferences a)x)ut the material unity of the 
celestial bodies and the earth have been made as a result of this analysis, 
the study of the mineralogical composition of meteorites has shown 
their peculiarities. 

Meteorites are essentially composed of the minerals which are also 
abundant in terrestrial rocks. These arc olivine and anhydrous silicates: 
enstatite, bronzite, hypersthene, diopside and augite; minerals of the 
feldspar group are also encountered. 

But many minerals, which are products of w’eathering, have not been 
found in the meteorites. Nor have any organic substances been discovered 
in them. 

Characteristic of meteorites is also the absence of minerals of the 
hydrous silicate group, i.e., minerals containing chemically-combined 
water. Scientists have made many persistent attempts to find such min- 
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era Is in meteorites but they have all been 
of no avail. Only very recently did 
Soviet scientists discover a mineral of the 
chlorite f^roup, i,e., a hydrous silicate. 

It is contained, however, only in the 
meteorites which bcloni^ to the rare type 
of stony meteorites, the so-called carbon 
chondrites. 

Investigations have shown that the 
chemically-combined water which forms 
part of the chlorites constitutes 8.7 per 
cent of the total weight of the meteorite. 

ni'his discovery is of great importance 
to the solution of our main problem, 
i.e., the finding out of the conditiems 
under which meteorites arise. 

The discovery of minerals unknown on 
the earth in meteorites is also <jf great 
importance. True, the metcorin^s contain 
very small amounts of tliese minerals. Nevertheless, they show that the 
inet<*orites are ffirmed under conditions which differ from those under 

which the earth’s crust was 
formed. The ascertainment of 
these conditions represents one 
of the most important prob¬ 
lems of meteoritics. The discov¬ 
ery of phenomena of meta¬ 
morphism in meteorites under 
which not only the structure of 
meteorites but also the miner¬ 
als themselves have changed 
is of particxilarly great interest. 
This inctamorphism w'as due 
to the heating of the mete¬ 
orites by the rays of the sun 
during their numerous ap¬ 
proaches to it as they moved in 
interplanetary space through- 



s luu.t* j..;. iu iJi rhe Sikhota-alin iron 
meteorite rain covered by a fused crust and 
showin.i; sharply pronounced regmaplypts 



1 ragment cu a large nieteoiiic 
from the Sikhota-alin iron 
meteorite rain 
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out their existence. The de¬ 
tailed studies of the meta- 
morphism of meteorites, 
especially extensive in recent 
years, reveal the history of 
the meteorites, the history of 
their wanderings in space. 

Meteorites also contain 
radioactive chemical elements. 
One of these elements is 
potassium present in stony 
meteorites in appreciable 
quantities. Radioactive di.s- 
integration of potassium 
produces argon. We can 
therefore judge the age of the meteorites by the proportions of argon 
and potassium contained in them, i.e., we can estimate the time that 
has elapsed since the formation (hardening) of the meteorites. 

Soviet scientists have recently estimated the age of meteorites by 
argon and potassium. These estimates have shown that the mete¬ 
orites are from 600 million to 4,000 million years old. 

Today we know whence the meteorites come to earth. But when 
and how the meteorites were formed is still one of the most 
important problems on which scientists studying the meteorites are 
now working. 

Most Soviet scientists believe that the meteorites and the asteroids 
are fragments of one or several large celestial bodies (planets) which 
broke up in the distant past. But this is only a conjecture, a working 
hypothesis, which requires further thorough studies of meteorites to be 
confirmed and fully demonstrated. There can be no doubt that the 
problem of the origin of meteorites, of their role in the formation of the 
planetar)' system and of the .subsequent development of the latter will 
find its final solution. 



Structure ot the fused crust of an individual 
meteorite from the Sikhota-alin iron meteorite' 
rain; magnified 7 times 



ATOMS IN THE EARTH'S INTERIOR 


Several entertaining novels by Jules Verne, George Sand and Acad¬ 
emician V. Obruchev describe trips to the centre of the earth, to the 
inaccessible interior of the world. In other books the fantasy of the 
writer flies to unknown heights. These books from the fantastic novels 
of the 17th century all the way to K. Tsiolkovsky’s carefully calculated 
“flights to the moon*’ lead us to distant, seemingly inaccessible worlds. 

These fascinating novels show the inquisitive mind of man who 
cannot reconcile himself to the fact 
that he lives on a thin film of eartl. 
and that his eye can only see ini< 
some 20 or 25 km. of the earth's 
interior. 

In the struggle for expanding and 
mastering the world man has undoubt¬ 
edly made great headway in the last 
50 years. The ascents to the highest 
snow peaks frequently made by man 
out of pure sport were replaced b\ 
scientific expeditions of the Xj.S.S.R. 

Academy of Sciences aimed at 
mastering the Pamirs. 

The ideas that the higher layers ol 
the atmosphere., which are not reached 
by the hustle and bustle of the earth 

or the chemical struggle of the terrestrial Mount Stalin in the Pamirs, 
molecules, are inaccessible have also 7.495 metres above sea level 
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receded into the past: Fedoscyenko, Vasenko and Usyskin, Soviet 
stratonauts, have made the first successful attempts at mastering the 
altitudes at the peril of their lives. 

The flights on stratostats and those of rockets have greatly advanced 
the knowledge of the spheres where the amount of substance sharply 
decreases, where one cubic metre of air contains millions of times as 
few particles as that on the earth’s surface. 

Man is primarily attracted by altitudes and here his achievements 
are very real; engineering has made enormous progress, and the scien¬ 
tists know this distant and still inaccessible world much better than that 
which spreads under our feet, i.e., the world of the earth’s interior. 

We do not know very much about the interior of the earth. Man is 
attracted to the interior mainly by his struggle for oil and gold. He drills 
pits and sinks mines which penetrate into the entrails of the earth, but 
the deepest oil-wells are no deeper than 5 km., while the deepest 
gold-mine is less than 3,000 metres deep. And this is considered a great 
accomplishment. 

In his pursuit of gold and oil man will, naturally, be able to penetrate 
still deeper. It is quite probable that the accomplishments of modern 
engineering will make it pos.sible to break these records by a few more 
kilometres. But what arc these kilometres compared with the earth’s 
radius of 6,377 km.? It is only some 0.001 of it. 

It is quite natural therefore that man cannot reconcile himself to 
this and that all men of science, from the philosophers of early antiquity 
to the astronomers of our time, have always been interested in the problem 
of the internal structure of the earth and in the ways and means of 
mastering the interior of our planet. Let us at least form a cursory 
picture of what we know of the earth’s interior by taking an imaginary 
trip from the earth’s surface into the interior and let us see what we can 
find. 

♦ ♦ ♦ 



We find the first attempt to describe a trip into the earth’s interior in 
Lomonosov’s writings. True, his ideas are scattered through a number 
of his works, but A, Radishchev in his Word about Lomonosov (1790) 
collected them into a single volume. Ending his famous Journey from 
Petersburg to Moscow Radishchev curiously enough devotes just the last 
pages of his story about the hard journey over the filthy and bumpy 
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post road to the peculiar trip made by Lomonosov to the centre of the 
earth and tells us what the scientist might have seen had he descended 
successively from the earth’s surface to ever deeper layers of the earth. 
We quote this remarkable description: 

“...he (Lomonosov) steps with trepidation into the opening and 
soon loses the sight of the life-giving sun. I should very much like to 
follow him in his underground trip, to collect his thoughts and state 
them in the order and in the connection in which they come to his mind. 
The picture of his thoughts would certainly be amusing and instructive 
to us. 

“In going through the first layer of the earth, the source of all life, 
the underground traveller finds it unlike the next layers since it differs 
from the others in its great fertile power. He may conclude from this 
fact that the earth’s surface consists of nothing but animal decomposition 
and germination, that its fertility, a nutritive and restorative force, 
takes its source in the indestructible and primary' parts of all existence 
w'hich without changing its essence only' changes its appearance, the 
latter being a matter of accident. In going further the underground 
traveller sees that the earth is alway's arranged in layers. 

“In these layers he sometimes finds remains of marine animals and 
of plants and may conclude that the stratification of the earth is a 
result of the fluidity of waters and that by moving from one part of the 
earth to another these waters impart to the earth the appearance which 
it has in its interior. 

“Losing sight of this uniform stratification he sometimes imagines it 
as a mixture of many various layers. He concludes this from the fact 
that the fierce element of fire by penetrating into the earth’s entrails 
met the resistance of moisture and in its rage stirred, shook, overturned 
and scattered all that offered it any resistance. 

“By stirring up and mixing the heterogeneous, the hot breath of 
fire gave rise to the attractive force of metals and joined them. There 
Lomonosov beholds these dead treasures in their natural state, remem¬ 
bers the cupidity and suffering of man and with a heavy heart leaves 
this dark abode of human greed.” 

Examining this text we can now say that it fully corresponds to our 
modern ideas; not a single word of it can be refuted. 

But if we try to compare this fantastic picture drawm by a scientist of 
the 18th century with the picture of our own ideas (which are much 
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closer to reality) about the earth’s entrails studied by means ol' boring 
tools we shall see the following. 

A small derrick invisible from the street was built near Krestyanskaya 
Zastava in Moscow a few years ago. There was a boring machine in the 
derrick; this machine was supposed to bore deep into the earth to find 
out the structure of the ground underneath Moscow. 

Working hard and persistently the borers tried to reach a depth of 
several kilometres. At first they bored through the clays and sands which 
had been deposited on the Moscow plain by the southern streams of the 
great glacier that had come from Scandinavia. These were the last 
paroxysms of the glacial epoch when all of the north European part of 
the Soviet Union was covered by a continuous coat of snow and ice. 

Under these clays came different limestones, then layers of marls and 
clays again; in some places there were lime skeletons and shells among 
the limestones, the limestones were replaced by sands with separate 
coal layers w'hich indicate the coal-field that supplies the central 
industrial region w^ith its fuel and gas. 

The geologists examined in detail the ancient Carboniferous seas 
and found that they had been shallow in the beginning, that their 
shores had been covered by luxuriant vegetation w^hich had growm 
stormily under the conditions of a humid and hot climate. Later these 
seas became deeper, w^aters rushed in from the east and north and 
broke up the forests and destroyed the vegetation; the luxuriant 
world of living submarine creatures laid the basis for the coral reefs 
and banks of shells. It was at that time that the limestones, used in 
the construction of Moscow' houses owing to which Moscow was given 
the name of “White-stoned,” were deposited. The same limestones 
are also widely used today. 

The bore-hole went through the entire complex series of layers depos¬ 
ited during the long Carboniferous epoch, which had lasted many 
scores of millions of years, and ran into new layers of enormous amounts 
of gypsum. It went through hundreds of metres of gypsum sediments, 
through argillaceous layers and through large quantities of water. 

These waters were at first saturated with sulphates and later, as the 
bore-hole reached deeper, they contained ever more salts of chlorine. 
The bore-hole penetrated into brines containing ten times as much salt 
as sea-water. These were mainly sodium and calcium chlorides, but 
there were also many salts of bromine and iodine. 
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Multi-storicd building near Krasniye Vorota in Moscow. Faced w'ith white Moscow 
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It was no longer a picture of the Carboniferous epoch, but of an 
older, so-called Devonian epoch. These were disappearing seas with 
salt-lakes, firths and deserts which had surrounded the seas; the 
salts deposited on their floors in hcav^^ layers were interspersed with 
thin layers of silts and dust brought by hurricanes and tornados of the 
Devonian desert. 

The bore-hole was now' 1.5 km. deep. What could we expect now? 
What could w'e find under the sediments of the old Devonian seas and 
w'hat new pictures w'ould the geologist see as he bored another few 
hundred metres? Intricate conjectures agitated the minds of scientists 
and daring thought searched for various hypotheses. And then, at a 
depth of 1,645 nictres, they suddenly ran into sands. These were, 
apparently, the shores of the Devonian se^i; the sands signified that land 
was near. They included separate pebbles of igneous rocks and polished 
fragments of the seashore. These w'cre already shores, real shores, and 
after another ten metres the bore-hole reached hard granite. 

Thus the boring tool in Moscow for the first time cut into the granite 
base, the foundation of all Russian land from Leningrad in the north 
to the Ukraine in the south. Soon new bore-holes in Syzran and further 
east reached the granite bed at approximately the same depth and 
confirmed the forecasts made by Academician A. Karpinsky that 
ancient granite masses underlie the entire .surface of our European plain, 
i. e., the old platform or shield as we know it from the beautiful granite 
and gneiss cliffs of Karelia in the north and along the banks of the 
Dnieper and the Bug in the south. The bore-hole went through another 
twenty metres in hard granite. According to the estimates of geologists 
these were real granite rocks, the ancient deposits which may be at least 
1,000 million years old. 

The bore-hole had thus reached the deep granite bed underneath 
Moscow. But what was further down? What could be expected under 
these granites? Could another 2,000 metres be bored in order that the 
depths where the granite masses float may be reached? This question 
gave rise to stormy controversies. 

Some believed that further boring was useless, that many hundreds 
and even thousands of metres would have to be bored before the hard 
layers of the granite gneiss platform ended. 

Others insisted that the boring be continued in order that the riddle 
of still greater depths might be solved. The borers encountered enormous 
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difficulties, their work growing ever more complicated with each metre; 
from a depth of nearly two kilometres they brought to the surface 
•beautiful pink hard rocks of granite and gneisses. 

It is as yet impossible to reach the deepest layers of the earth because 
human engineering is still too weak. In order to master deeper zones 
of the earth other ways and means must be used. This was first suggested 
by Eduard Suess, young Austrian geologist, in 1875. 

He proposed to take a Ijird’s-eye view of the earth from the positions 
of geology and the already existing geochemistry. Suess tried to outline 
the essential and more uniform layers of which the earth consists. For 
this purpose he followed, primarily, in the footsteps of the old philos¬ 
ophers and divided the earth into three simple shells: the air or at¬ 
mosphere which completely surrounds the earth; the hydrosphere, i.e., 
the waters and the ocean which cover solid earth and saturate it and, 
finally, the lithosphere, i.e., the sphere of stone the interiors of wdiich 
contain the eternally raging fire exhaled by the volcanoes. 
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He continued this division on the basis of the analysis of the chemical 
composition of hard rocks. 

In 1910 the English naturalist Murray subdivided the layers of the 
earth into separate shells and named them geospheres. 

It was at that time that chemists and physicists, geochemists and 
geophysicists Ijcgan their hard and persistent work in order to get a 
further and deeper insight into the structure of these separate shells 
or geospheres. The Ru.ssian scientist V. \’ernad: ky and his school posed 
this problem in its entirety. 

Instead of drawing an c!xternal picture of the “face of the earth” the 
geologists and geochemists were confronted with the problem of re¬ 
creating all the processes occurring in each geosphere and of painting 
a complete picture of the internal structure of our planet. 

We shall now endeavour briefly to characterize the shells of which 
our planet consists as they arc pictured l)y geophysics on the basis 
of studying the behaviour of th(‘ resilient oscillations of waves which 
reach enormous depths and mark the borders of separate geospheres 
by their reflection. 

Scientists now count 13 shells from the inaccessible interstellar space 
filled with meteors and molecules of* hydrogen and h<*lium and separate 
atoms of sodium, calcium and nitrogen. 

The lower border of this layer is at an altitude of about 200 km. 
Below this liegins the stratosphere, and the amounts of nitrogen 
and oxygen increase. A layer of ozone separates individual parts 
of the stratosphere. The northern lights go on at altitudes of 
several hundred kilometres and luminous clouds rise to an altitude 
of 100 kilometres. 

The second layer, which we call the troposphere, begins at an altitude 
of 10 to 15 kilometres. 

This is our atmosphere, the air we are accustomed to with its nitrogen, 
oxygen, helium and other noble gases, saturated with water vapours 
and carbon dioxide. 

This is followed by a zone of about five kilometres which is called 
the biosphere, i.e., the sphere of living substance. It also includes the 
upper portions of the earth’s crust and its aqueous shell. 

Then comes the aqueous zone known as the hydrosphere. This sphere 
is composed of hydrogen, oxygen, chlorine, sodium, magnesium, calcium 
and sulphur. 
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Mud bed several kilomccrcs lon^; formed by mud streaming out of cra«_ks during 
the earthquake in Yangi-Kurgan District of NJamangan Region (Uzbekistan) on the 
night of November 3, 1946 


The hard shell comes after this; in the beginning it is the well-studied 
crust of weathering with its acid salts and soil layer; this is followed by 
the layer of sedimentary rocks—sediments of the old seas, i.e., clays, 
sandstones, limestones and coal layers. Already at a depth of 20 to 
40 km. we encounter a new layer called metamorphic. 

Still deeper down are the granites rich in oxygen, silicon, aluminium, 
potassium, sodium, magnesium and calcium. Somewhere in the interior, 
at a depth of about 50 to 70 km., they are replaced by basalts w^ith mag¬ 
nesium, iron, titanium and phosphorus which substitute for aluminium 
and potassium. 

A sharp change occurs at a depth of 1,200 km. Here the hard layers 
are replaced by peculiar melts and the new peridotitic or olivine shell 
consists of oxygen, silicon, iron and magnesium with heavy metals— 
chromium, nickel and vanadium. 

The studies of earthquake waves registered by sensitive instruments, 
called seismographs, clearly show that there are shells of different 
composition in the interior of the earth. The very sensitive instruments 
invented by B. Golitsyn, Soviet academician, has made it possible 
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to detect not only the waves that travel the shortest route but also those 
which run around the entire globe and those that are reflected from 
the borders of layers of the earth of different densities, for example, 
from the core of the earth. These data serve as weighty arguments in 
favour of the existence of lithospheric layers. Some scientists believe 
that an ore shell with accumulations of titanium, manganese and iron 
runs to a depth of 2,450 km. 

A still greater leap in densities is observ^ed at a depth of 2,900 km. 
where, as it is believed, the central core l>egins; this core whose proper¬ 
ties we do not know as yet in all prol>ability consists of iron ar>d nickel 
with an admixture of cobalt, phosphorus, carbon, chromium and sulphur. 

That is the way geophysicists and geochemists picture the structure 
of our earth, and each these layers is characterized by the elements 
which prc\ ail in its ( ornposition. Each of them also has its typical 

temperatures and pressures. 



In this complex and in many 
respects, pc'rhaps, inexact picture 
there is still one sphere w^hich in¬ 
variably attracts our attention. It is 
the sphere in which w^c live and 
which differs from all the other 
geospheres by its special properties. 

It is a zone of 100 km., a zone of 
chemical life, a sphere of terrestrial 
chemical processes, a sphere of 
stormy paroxysms, variations in 
temperatures and pressures, a sphere 
of earthquakes and volcanic erup¬ 
tions, a sphere of disintegration in 
some places and restoration in 
others, a sphere of cooling of Plutonic 
melts, hot springs and lodes and, 
finally, the sphere of life of man with 
his stormy aspiration.s, constant 
struggle against nature and for 


Kamchatka. Avacha Bay near the city 
of Pctropavlov-sk. Avacha Volcano in 
the distance 


nature, the sphere inhabited by 
millions of species of living crea¬ 
tures, the sphere of new peculiar 


Lake ill the crater of the Santorin Volcano (formed about 5,500 years ago), Greek 
Archipelago 

and intricate combinations of chemical molecules, the sphere of life and 
struggle and quests, the sphere of new processes and new trans¬ 
formations. 

This sf>hcre of life is, not without reason, called by geologists the 
troposphere, i.e., the zone of movement. This zone lives its own complex 
chemical life, and the processes of construction and combinations of 
chemical elen rents in it determine all the fates of our earth in its various 
geological epochs. It is a zone of purely terrestrial reactions and it is 
remarkable that though thousands and thousands of celestial stones, 
meteorites fall on earth and thousands of fragments of cosmic bodies 
find themselves in the hands of scientists not a single one of them has 
ever given us at least a piece that might remind us of this stormy zone 
of life and death on our planet. 

It is thus the chemical processes in the interior of our earth appear 
to man, whose physical existence is limited to a film only several kilo¬ 
metres thick. 

But in the slow and stubborn struggle of his genius man constantly 
expands his knowledge of the world. 
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We are firmly convinced that both the interior of the earth and the 
spheres above the clouds will be conquered not only by the scientist's 
abstract thinking but also by engineering. 

We see how the waves of large geophysical instruments penetrate 
into the interior of the earth by the will of man and reflected there 
bring us the answer as to the structure of the earth*s shells. The enor¬ 
mous explosions made in the Urals and in the south of the country 
bring us entirely new ideas about this structure. A series of precision 
machines, fireproof pipes and rods with cutters of super-hard alloys and 
diamond crowns will easily and with the fabulous speed of hundreds of 
metres per shift cut into the hard granite, and we arc sure it will not 
be many years before the Moscow bore-holes, which seemed the height 
of technical accomplishment, will recede into the distant past. 

Man will conquer the interior of the earth scores of kilometres deep 
not only in novels, but in actual life by winning another technical 
victory over the earth. 

There arc no limits to cognition of the world! There are no limits to 
conquests by the human mind! 



HISTORY OF THE ATOMS IN THE HISTORY 
OF THE EARTH 


More than lOO years ago upon his return from a trip to the then 
unknown American countries Alexander Humboldt (1769-1859) deliv'- 
ered a series of lectures at Berlin University; in this lecture he attempted 
to paint before his listeners unusual pictures of the universe. 

Subsequently he set these ideas forth in his book entitled Cosmos. 
I'he word cosmos comes from the Greek and expresses the idea not 
only of world but also of order and beauty, because in the Greek language 
this word equally signifies the universe and the beauty of man.* 

In Humboldt’s exposition the cosmos represented a totality of various 
facts. 

Basing himself on the accomplishments of 19th century science, 
he endeavoured to explain order by the unity of natural laws and 
in the picture of the present he wanted to see something more than 
merely one of the moments in the complex process of the development 
of the world. He failed, however, because the world in his ideas was 
still broken up into separate natural kingdoms. Each of these kingdoms 
had its own representatives with no common bonds between them. 

The old classification divided the world into individual cells and 
separated the minerals, plants and animals from each other by im¬ 
passable barriers. 

The old ideas of the 17th and i8th centuries wxrc still adhered 
to, the w'orld still appeared immutable and made by the will of God 
from an enormous number of independent “kingdoms** and, though 


* We know this very well from life because we speak of cosmic worlds 
and cosmetics. 
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Alcxandf? Humboldt wanted to 
show that all natural phenomena 
were interlinked, he was unable 
to do so because he had no facts, 
no proofs, no units which he could 
take as a basis for the relationships 
existing in the nature that sur¬ 
rounds us. 

It is atoms that have proved to 
be these units, and in our time the 
picture of the cosmos is painted 
against an entirely different back¬ 
ground. Inexhorablc law's of physics 
and chemistry govern the compli¬ 
cated and long history of the mi¬ 
grations of individual atoms. We 
have already seen that separate 
atoms are deprived of their electrons 
in the centre of cosmic bodies; we 
hav^e seen a gradual creation of 
a complex particle of element with the electron-planets rotating 
around the c(iure. 

Wc have seen molecules, i.e., chemical combinations, born in a 
desert W'orld of cooling stars, by interlacing with and being engirded 
by the rings of these planets. Then ever more complicated structures 
come into being; ions, atoms and molecules form crystals, these new 
remarkable elements of the world, elements of a higher order, mathe¬ 
matically perfect and physically beautiful. We can take as an example 
of this the transparent pure crystal of quartz which even the ancient 
Greeks had named crysialhs, i.e., “petrified ice.” 

Wc have seen the growth and destruction of beautiful structures 
of the crystal on the very surface of the earth; w’e have seen a new 
mechanical system arise from the.se fragment.s—a w^orld of colloids, 
minutest groups of atoms and molecules. And in this environment 
it is a new' type of complex and large carbon-containing molecules, 
the type we call a living cell, that proves to be stable. 

New' laws of development of livdng substance increasingly com¬ 
plicate the fates of atoms in the course of their history, creating complex 
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clots of myceliums, minutest semi-animals, semi-plants, semi-colloids 
which we call viruses, hardly visible in ultra microscopes and, finally, 
the first unicellular organisms which we now well distinguish in our 
microscope, i. e., bacteria and infusoria. 

It is through these historical stages that the atoms of different elements 
of our world travel, and a history of life can be constructed for each 
one of them from the mennent the first terrestrial particle had cooled 
all the way up to their migrations in the living cell. 

Once upon a time, almost the way we read about it in fairy-tales, 
a cluster of atoms arose in world chaos and began to emanate electro¬ 
magnetic waves; the heat movement gradually decreased, as the 
astronomers say, and the system cooled. 

It docs not make any difference to us who was the first of the numer¬ 
ous aslronomei*s and philosophers to try and divine the mechanics 
of this process, nor when it was done. The only thing that matters 
is that the cluster is formed where the atoms of individual elements 
come in contact with each other. 

We know the composition of this cluster: modern geochemists tell 
us that it is composed of aViout 40 per cent iron, 30 per cent oxygen, 
If) per cent silicon atoms, 10 per cent magnesium, and 2 to 3 per cent 
nickel, calcium, sulphur and aluminium. Then come the elements 
which constitute lesser amounts—sodium, cobalt, chromium, potas¬ 
sium, phosphorus, manganese, carbon, etc. This list shows that the 
chief chemical elements of which the universe is composed arc all 
stable atoms built according to the laws the evenness of which we 
have already mentioned. 

This intricate cluster consists of nearly 100 types of atoms, with 
some of them encountered in enormous quantities and others only 
in billionths of one per cent. 

In subsequent cooling the free atom-gases little by little form liquids 
and coming together as separate molten fiery-liquid drops, go through 
all the processes to which molten ores are subjected in the blast-furnace. 

The structure of our planet was unexpectedly divined not by theoreti¬ 
cians, not by geophysicists, but by metallurgists, the people who have 
learned to smelt metal, to get rid of the slags and to guide the fate 
of the individual atoms in the heat of the blast-furnace. According 
to the laws of physics and chemistry the atoms repel each other and 
the initial melt divides into separate parts. At this time all the chemical 
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Hot lava erupted on September 6, 1954, forming a lava lake. Sanduich I.slands 



elements arrange themselves in a definite order. The light, mobile 
parts rise to the top, and the heavy ones go to the centre. 

A metallic nucleus is thus accumulated. A layer of metal sulphides 
is not infrequently formed above the nucleus with a crust of silicious 
compounds deposited still higher as a scale or slag. Geophysicists 
say that all the separate shells or geospheres, of which our earth is 
compo.sed, correspond precisely to the separate zones, the separate 
products of smelting in a large blast-furnace. 

In the very interior of the earth at a depth of about 2,900 kilometres 
there is the iron core. Here we have an accumulation of the metals 
which go along with iron in the blast-furnace; these are, primarily, 
iron itself and its closest friends and analogues—nickel and cobalt. 

Here, too, are the elements w^hich chemists call siderophiles or 
“iron-loving,” thereby repeating almost exactly the 'words of the 
alchemists who were ridiculed by the scholastics of the i8th century. 
The siderophiles include platinum, molybdenum, tantalum, phospho¬ 
rus and sulphur w'hich are undoubtedly akin to iron. Thus do we 
picture the composition of the deepest part of our earth. 
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Above the core, at a depth of probably 1,200 to 1,300 kilometres, 
there is another zone; controversies as to its chemical composition 
raged for a long time, but there is no doubt that it is the zone which 
we know very well from smelting copper or nickel. These are rnetal 
sulphides. And it is not without reason that enormous zone of the 
earth’s crust 1,500 kilometres thick is frequently called the ore 
shell. 

This is the place where sulphides of copper, zinc, lead, tin, 
antimony, arsenic and bismuth must accumulate. The majority of them, 
however, are constituents of the sulphide minerals, which ^^■c also 
find in the more superficial zones of the earth’s crust. 

Then comes the very “scale,” or oxide zone. It is also divided into 
separate zones. In the interior we have vast accumulations of rocks 
rich in silicon, magnesium and iron. This is a zone of which we began 
to get a notion only after we had studied the enormous diamond pipes 
in South Africa filled with the densest and heaviest materials—prod¬ 
ucts of crystallization of 


the interior melts brought 
out from the deeper layers. 

Above this, beginning ap¬ 
proximately w'ith a depth of 
1,000 kilometres, is the silicate 
envelope on which we live. 
We picture it as a rather 
complicated system of various 
rocks and minerals though 
we actually know it to a 
depth of only 20 kilometres. 

Its composition sharply 
differs from the average 
composition of the earth and 
may be expressed in the 
following figures: one half 
of it is oxygen; silicon con¬ 
stitutes about 25 per cent, 
aluminium—7 per cent, 
iron—4 per cent, calcium—3 
per cent, sodium, potassium 



Colonnade built of Moscow sandstone 
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and magnesium—2 per cent each; then come hydrogen, titanium, 
chlorine, fluorine, manganese, sulphur and all the other elements. 

We have seen that these figures arc the result of thousands of indi¬ 
vidual calculations and analyses. We get the firm conviction at every 
step that our earth’s hard crust is not uniform, that the distribution 
of atoms is unusually complicated, and that it is very difficult to form 
a picture of the structure of the earth’s crust composed now of pink, 
sparkling granite, now of heavy dark basalts, now of altogether white 
limestones and sandstones or of coloured slates. We know that sul¬ 
phurous metals, salts, and minerals are dispersed on this varieg»itcd 
and intricate basis in a similarly chaotic disorder. Is it at all possible 
to find any laws governing the distribution of atoms in this complex 
picture ? 

Recent studies of geochemists have shown that this apparent world 
of accidents has its own unusually clear-cut and incxhorable laws. 
Geochemists have not only isolated the earth’s crust, the silicious 
scale, from this fiery, live cluster, but have also divided it into separate 
atoms and are now studying the bchav'iour of ccich of them in strict 
order. 

The molten mass and scale resemble the slag which has l^een drained 
from the blast-furnace and which has gradually begun to cool. One 
after another various minerals started crystallizing from it. The first 
to separate Acr r* th<* heavy substances which began settling to the 
bottom; the ligliifr < onstituents, i.e., gases and volatile substances, 

rose to the top. Minerals rich 
in iron and magnesium thus 
dropped from the molten basalts 
to the bottom; in them w'e en¬ 
counter compounds of chromium 
and nickel and find the sources 
of prtreious diamonds and costly 
platinum ores; on the other hand, 
other substances rose to the sur¬ 
face, to the upper field and gave 
rise to the rocks which w^e call 
granites. I'hese proved suc¬ 
cessive extracts, as it were, of the 
cooling massif; it is precisely 
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these granites that formed the basis of our continents which float, 
as it were, on the heav^y basalt layer that lines the greater part of 
the ocean floor. 

Strict laws of physical chemistry governed this new distribution 
of atoms in space, and new ideas were born in science at the time 
geochemists began making use of the laws of physical chemistry. 

The process of granite cooling is complex; the granite centres give 
off superheated steam and volatile gases which permeate through 
the nearby rocks and form hot water solutions that we know well 
by our mineral springs. This hot breath surrounds the granite centre 
with a sort of halo; the gases and vapours with various contents of 
volatile substances break through the cracks and fractures of the cool- 
ing granite rocks; hot underground rivers flowr, gradually getting 
cool and forming on their walls crystalline crusts of minerals; later 
they change to cold springs on the surface. 

In this halo of cooling granite w^e see primarily the residual melts; 
these are the famous pegmatite lodes which are, as it were, bearers 
of the heavy atoms of radioactive ores. They carry with them precious 
stones, sparkling crystals of beryl and topaz; in them we find traces 
of tin, tungsten, zirconium and rare metal compounds. 

Lodes of quartz with tin and wolframite run in the complex process 
of gradual stratification; still further are branching quartz lodes with 
gold and then deposits of zinc, lead and silver which form the 
polymetallic veins, while far from the hot centre, several kilometres 
away from the boiling layers of the molten granites, we find com¬ 
pounds of antimony, red crystals of mercury sulphide and fiery 
yellow or red arsenic compounds. 

These ore masses are distributed according to the laws of the same 
physical chemistry. When they harden in the long fractures of the 
earth the accumulations of atoms stretch out in long rings or bands 
regularly following each other around the heated massifs. Grand 
pictures of these ore zones open up before us on the surface of 
the earth; some of them run through both American continents 
beginning in the north somewhere in the region of California. They 
carry lead, zinc and silver. Others cut across Africa along the meridian. 
Still others engird in the form of garlands the stable petrified shields 
of Asia, creating a zone rich in ores and semi-precious stones, traced 
for many hundreds of kilometres. 




The incomprehensible picture of ore deposits seemingly scattered 
in disorder is thus transformed for the geochemist into a clear-cut 
regular picture of distribution of atoms. The greatest practical problems 
and accomplishments arc decided on the basis of this new idea of 
the natural laws of distribution of atoms in the earth’s crust according 
to their properties and behaviour. 

The old observations of medieval miners and the old experience 
of mining are now replaced by real laws of which Agricola dreamt 
so much as early as the i6th century w'hen he spoke of the mysterious 
love of various elements for each other. 

M. Lomonosov, the Russian scientist, had the same thing in his 
mind when he called on the chemists to unite with metallurgists two 
hundred years ago in order to find the equilibrium and the reasons 
for the joint discover^’ of ores and to answ’cr the questions; why zinc 
and lead were alw'ays encountered together, why cobalt so frequently 
followed silver, why the metals of nickel and cobalt, these tw'o gnomes 
so hostile to mining, w'ere alw'ays found with the strange element 
uranium. 

What is it then that forces the various atoms to be distributed so 
regularly in granite rocks? Here w^e have new' forces of natural proc¬ 
esses; and whereas in the interior of the earth, w'hen the molten cluster 
was divided into a nucleus, scale and slag, the main laws of division 
were determined by the nature of the atoms themselves, here new' 
law’s have come to take their place. 

The atoms and their parts began to combine forming not only a 
system of piled-up free atoms and molecules, which we call liquid or 
glass, but also structures w'hich are not found in the interior of the 
earth and which drift in space only where the cold of interplanetarv' 
space cools the stormily moving atoms to below 2,000° C. 

This remarkably harmonious structure, which determines the har¬ 
mony of our world, has been given the name of crystal. We have already 
mentioned that i cubic centimetre of crystal is built up of 40,000 
trillion atoms which are located at definite points in space and at 
definite distances from each other forming sorts of lattices and net¬ 
works. The entire upper layer of the earth’s crust, as well as the over¬ 
whelming part of the world that surrounds us, is built of crystals. 

The crystal and its laws determine the distribution of elements 
which may frequently replace each other in these structures; this 
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gives rise to the possibility for some elements to migrate within the 
crystal, others to form bonds by electric forces of fabulous power, 
thus creating the strength of the crystal, its mechanical endurance, 
and its ability to resist all the hostile forces in the universe. 

There, in the interior of the cosmic bodies, we find a disorderly 
chaos of atoms; here, on earth, there is no more chaos, there is an 
endless series of points and meshes distributed as regularly as the boards 
of parquet on a floor, or as lamps in a large hall. 

We have now come to the earth’s surface. The earth’s entrails cease 
to affect the life of the atoms and cede their influence to the sun and 
the emanations of the cosmos; and under the influence of new types 
of energy the atom resumes its migrations on the surface of the earth 
in accordance with the laws of physical chemistry and crystallo- 
chemistry. 

Half a century ago V. Dokuchayev, Russian naturalist, developed 
his ideas on the laws of soil formation on the earth’s surface in his 
lectures at Petersburg University. He said that the climate, plants 
and animals led to the formation of separate soil zones and at 
the same time the different distribution of atoms of substance in the 
soil. The soil was revived in his generalizations as a new peculiar world 
of atoms. 

Dokuchayev was fond of saying: “The soils are the fourth kingdom 
of nature.” 

He subordinated to the laws of this world not only the fertility of 
the soil but the life of man as well. But it is precisely here on this thin 
film of the earth’s surface that the atoms have grown unusually com¬ 
plex. I'he simple and clear schemes of the quiet growth of crystals 
in the interior have proved insufficient here. 

The complex geographical landscape has subordinated the atoms 
themselves, while the frequent changes of climate, seasons, day and 
night and the life’s processes began to leave their imprints and 
to demand new forms of equilibrium and new conditions of 
stability. 

In the interior of the earth it is quiet; there is a quiet process of 
spatial distribution of crystals, while on the surface there is a stormy 
kingdom of variable, contradictory influences, a struggle of forces, 
a change of temperatures and a domination of processes of destruc¬ 
tion. Here, instead of our precise crystalline structures, their fragments, 
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Ocochcmical diagram of the distribution of elements and 
some minerals in connection with the distribution of rocks 
from the primary magma 







rixriiKt f «> piMkCi.! \<Wc;in«» iii (dm. 4.V' / JDtircs 


as a new clyiiainic* s\ slciii, ac cjuire llir i»T(*aU*sl iin})c)i laiu <*. ’rht‘s<* 
IVai^mcMils \\t* call c‘<»ll(»i(ls, 

'I'lirrc arises a rrmlra(li( tioii Ix lurt n th<' world f>l\>rfJcr iii tl)c interior 
ol tlu' <'arlli and the c]ia<»tic world of jelly-like colloids on the surrat t*. 
I 'nder the rafiidly t hani'ini^ <‘oiulilious of surronndins» nature the 
chemical n*actioiis c annot pnx <*ed so fjuic'lly and r<ri>nlarly as in tin* 
iiit(*rior. I he consirm iion of the cr\slal just l)e|L»un hrt'aks up at»d is 
replaced In a new <jn(‘. d’h<* rras*iiienls ol crystals somelinu's uh il;* . 
and th<‘se laii^** parti('l<*s. sometimes built of hundreds and thousands 
ol atoms, i![i\’e rise to a mnv ibrni ol sulistance, to an unstable system 
ol colloid, i,<\, the jelly and i^lue w hich we know so well in the organic 
world. 

But it is not only this force* of tlestruclion which charact(‘ri/es 
the syst(*in of miiu’rals fjf the earth’s smiace; it conceals tri*mendous 
active*, force’s; it contains m<»rc* e’lic’rujy than the* de*acl, stable s\stem 
e)f crystals. 

In the* clays, and in various type’s of brown-iron and mani;anese 
films that surround us, in the* multilbrinity of the dilfer<*nt atoniie 
combinations of iron, aluminium and mam»an(^se. in the* balls and 




coiicrctitins f>l‘plic)s[)hf)ric: coni})<>iiiids new forces come into plas* caused 
by the contac t of various media witli c^acdj other; these new forces 
of chaos manilc'st themselves wherever thc*rc* is ccjnstruction side Iw 
side with destruc:tion, where new rc^milarities arise and dc'terrnine the 
nature* of the soils, facilitating mijj^rations of individual metals and 
causing thc'ir mutual exchant'c in tlie soil. 

We thus gradually approach tlie last statue in the history of the 
atom—the processes of life. Xhc collcjid has already paved the way 
for the* creation of the new .system; this complex coiic'atenation of 
purposive molecules, which conceal tremendous surface forces, ^ives 
rise to embryos of a new substance which is the living cell. 

Jt is hc^re, in tliis peculiar and flexible structure, where the* atoms 
are now bound and now free, that life was born as a natural dc-velop- 
ment, as a logical consummation ol' the system of atoms tliat was be¬ 
coming <*ver more < < nnplicated. Following the complex ]>aths of 
evolution this life* only reproduced the' pic*turc's we haxe paintc'd above. 
Subjc*c t to a iic'w form of grouping it began to complicate* the atomic 
slruc*lur<‘ and has become* the dominating phenornc*non on the* c*arth\s 

surface froni the minutest unicel¬ 
lular organism all the way up to 
man. 

Wc* c'annot erase* anything from 
our surroundings. I.,ite t«)gc*lher 
with inorganic: nature, air and water 
has mergc'd into a single whole 
and has c‘reatc*d the* iiuinc*rf>ns 
g<'ograj>hic laiidscapc*s that siirroimd 
us. I’his is the* highest ibrin of the* 
sysU'in of atoms whic'h has come 
about as a rc'sult ol the laws of* 
evolution and development of the 
organism. 'Fhe Homc> saj)iens has 
c:ome into bc*iiig with an inlellc*et 
capable* of cognizing the* miglily 
laws of <*iic*i'g\' whic'b govc*rii this 
ric'W', still more unstable and at 
the same* lime still more powe*rful 
active systc-m. 



Clilf of volcanic tuff. Knr.'icla;*. the 
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The Crimea. Cjiir/uf. Cicncrnl view a,t»ainst the baekgroLind of the Metis 
^If'iiDtain of latcolirli i^r "w ouUJ be N oleano*’ 


7 ’hr 111 story of' mitral ioii.s of' lli<‘ atom shou.s us how its lair 
has y;racliiall\ j^rown inor<* romj>lirati'd. 

It l)<\i»an as aii rh'ilritally rhari^t'tl I'm.* prtiloii; sul)src|urntly luulri 
writ' foriiM'd. It L;rrw morr and more romplicaK'd, and witli ilu* 
transition to the colder syslt'in of the the i^leclron sh(*ll ciime 

]>ack to tlte atom. I’hesr atoms ha\e si^radually meroed in a rt\oiilar 
.tikI rii»id geometric lorm, in what we have nanK*d a cht*miral 
compound. 

I'lu* cr\’stal \> as the form of exprt*ssion of ihe.st* laws, the Idrm cd 
llie t^reatesl order, the i»realesi harmony, tiu' least res(‘r\es of’ t‘nt‘rsj^y 
anti, tht rt'ron*, the most inert i’orin of suhslanct* devt)id of any Tree 
force, lint rii;hi there anti then ct>m])rication bt's;an and .a new colloidal 
system of' atoms and molecules came into l>eini>. 

'The livinti; t'cll was treated; coin|>lex inolt'cules l>ei»an to he l)uiU 
t)f'himdnals and thousands of'separate atoms; and as tlie highest form 
of' the still imtleciphered chemical .system protein bodies camt' into 
beint!^ and created tin* multiforinity, complexity and inysl<‘riousness 
of the oi'.i^anic world that surrounds us. 

Jiut in the history of nature the atom has always i ush<'d al>out in 
quest of new ftinns. We c annot say as yet whether there are any nt‘w 
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Sfuclyin.i^ tlic criipti(»n of a Kaiiuliatk.i \okano 


ibrms (»1 (‘(juilihriuiii iiKirc stahlt* than (lyslals and more aclivaly 
changed with fncti»y than livini;' suhsi.iiict'. All our ideas ah.uil nalure 
mil u|) ai^aiiist llu' iiisuiriei<‘iu'\ of our kiio\\ledL»e ol di<* lunv |)adis 
tra\'elled by the atom, and nobody would dar(‘ say that we ha\e already 
learned about the entire (onrse ol its mii^ralions and that man has 
already inasten'd the powerlul Ton es \N hi< h h(‘ (ould unleash in the 
atomic chist<‘r. 



ATOMS IN THE AIR 


What is air? How litlh* \\v kn<nv about it and what little interest 
we even show in this question. We have ^rovvn used to the fact that 
we are surrounded by air and, like health, we bej^^in to appreciate 
it only when we lose it, when we ^et inu» cirruinstanres where there 
is not enout^h air. 

We know lujw dirfieult it is to breathe at high altitudes, how some 
|)eopl(‘ grow weak because ol' the mountain sic‘knc‘ss alr(‘ady at an 
altitude ol three kilometres; we know how fliers sufl'er whem they 
rise in their j)lanes to an altitude of inorc than five kilometres; at an 
altitude of horn eight to ten kilometres there is definitely not enough 
air and the supply of oxygem on the plane must be made use of. 

We know how hard it is to descend into mines, how long it rings 
in your ears before you get used to the new air pressure at a depth 
of i.f)Oo metres. 

riie air now constitutes one of' the most interesting pro])lems not 
only for science, l>ut also for the chemical indu.stry. 

It was a \’ery, very long time before man could understand what 
air actually was. For a numbc’r of cemturies the conviction reigned 
in primitive chemistry that air was compo.sed of a special gas—phl(^,,^is- 
ton and that when anything burned it liberated phlogiston which 
filled the world as a special fine substance. 

Then, the brilliant discovery of Lavoisier made it clear that the air 
was e.s.sentiaily composed of two substances: one life-giving substance, 
which was named oxygen, and another, indifferent to life, which was, 
therefore, given the name of “azote” (the Greek for “lifeless”). The 
latter is now more commonly kncjwn as “nitrogen” in English. 
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Ill 1894 it was quite unexpectedly discovered that the composition 
of the air was much more complex and that in addition to nitrojren, 
the air contained a number of other, heavier chemical elements, which 
play an important part in it. 

Modern physicists set the compcisition of the air as follows: 

By wc-i^ht By wfiejht 


Xitro,t?rn.Tf)-?'* » 

Oxygen. 

Argon. 

C’.arhon dioxide.^>-03“ 

Hydrogen. 


Neon.0-001 25 

Helium .o.oooo7*^/„ 

Krypton.o.oot)3®.'„ 

Xtmon.0.00004”. „ 

Water \aj>oiirs variable amounts 


Totlay we know the composition of the air ocean so well that not 
a single drop dispersed anywhere in it escapes the attention of our 
chemists. 

Now it turns out that tlie gaseous ocean tiuit surrounds us is not 
f>nlv the basis of all of our life, but also that of a n(‘w grc'at industrv. 


The Britisli Itave rt'ceiitK* es 
of England and Scotland dailv 



F'lucalyptu'; niley-on .n state farm in the 
central part f>f the Knichis I.nwIanJ 
(CfCortTian S.S.R.; 


iiiKitf'd that ihr^ <*ntirf' ]>opulation 
consumes up to iio million cubic 
metres of oxygen iroin the air, 
while special installations e.xlract up 
to one million cubic metres of this 
gas for the neetls »>f industry during 
the same period of liine. 

At the same lime industry' burns 
coal and oil, thus consummg oxygen 
and giving ofl* large amounts ol' 
carlK>n dif^xide to the* .atmosphere. 
The same prrx ess goes on in Jiving 
systems. For examjile, man gives 
ofT about three litres of carljon 
dit)xide per day. 

T'o give the rc^ader a good idea 
of what this figure means suffice it 
U» point out that it takes a euca¬ 
lyptus, a large tree, one day to de¬ 
compose ajjproximately one-third 
of the carlKui dioxide exhaled by 
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OIK" jXTSijii and ifiurn IVef oxyi*<*n l<» the aiinosphcrr. ll idllows 
lhal thrre lars^r riualyplus Irrrs will clfcoinjjose as iiiiKh carlK)n 
dioxidt" as is j»'iv<*n olT by oik* person and will thus restem* the lialancr 
in ihr roinposiiion of the atmosphere. 

'This shows the ,threat importance ol’ the vet;;etation that surrounds 
us and that we sf) ran'fully safeguard and plant in our cities. 1 'Ik- 
life fif {)iants is the finly s<#urce ol‘ restf»rinj[^ the oxy,s<<*n consumed b\ 
man. Meanwhile, <ixygen is l)eini»' used in ever lart(er amounts. 

In 1H85 small Tactories producing bariMin peroxide laid the basis 
for the industrial utili/ation ol the oxyg(*n contained in the air. I’odav 
llie oxygen of’the air serves as the liasis f)l‘several bram‘lK*s ol’the chi'iii- 
ical industry. Pure oxygen instead of air is now blown into blast- 
liirnares. Oxygen is an indispensable oxidizing agent in a number <>1 
braiK hes ol the < hemical industry. 

M’he numl»er of installations which extract oxyg(‘n from our aiinos- 
pluTc tlirough lifjuid air grows with each passing \(‘ar. 

In addition tc) oxygen, man has been making incn'asingly wid<*r 
us(‘ ol other gase*s. 

Until v<'ry re'ce nily industry made no us<* ol’argon which constitutes 
one pel' cent ol ili<‘ air. Now complex installations annually ex¬ 
tract almost one million cubic metn*s <»!’ this rarest of gases Iron) 
the air. 

Not many ol us know that more* than 1,000 million (deriric bulbs 
are annually filled with this gas. 

'I’Ik* luminous adverlise'me’nls of large cities anmially make* ever 
greater use* ol' neein, another noble gas (xaitainecl in the* air. "I'here 
is v<‘ry little ol it in the* air <»< < im one |)art eif ik*om per 5'),000 parts 
of air. And still the neon indnsiry has be(*n growing rn>m \ear to 
year. 

Helium is also lieginning to Ik* extracted from the air. 'flK*re is 
still less iielium than neon, tlioiigli the atmos|)hen' above eacli sepiare 
kiloiiK'tre of land contains about 20 tons of this most valiialile gas 
<»l* the sun. Helium is exlracte'd from tlu* air and mainly from under¬ 
ground gaseous streams; it is useel for hlling dirigibles; in re'frige'tation 
engineering it is employed for producing the* weirld's lowest iernp<ra- 
lures. 

FA'en the rarc'sl gases, kry})ton and xc'n<»n, are beginning i«) b<- used 
in our indusiiv. 
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I'lir air roiitains I<*ss than 
per rent krypton. And yrt 
how iK'lpfiil it would he if we 
could ”et it ill greater anioiints 
because we could then incn^ase 
tlu‘ hrli^htiU'ss ol' ('leciric !)iill)s 
by lo j)er c(‘iit, and ^vilh the 
use ol' xenon by 20 p(‘r cent. 
'This means oiir lii;hlin|L> inslalla- 
lions would ('onsum<‘ 20 j)er 
c<‘nt el(*elrie jx)wer. 

Hut tfie most important raw 
material I'or industry (*xtrartt‘d 
Irom the* air is of (H)nrsr niiro- 


to 

compounds lor (ertili/.{‘r 

Hcncon ..}■ lu-.m tuhe^ at at) airiulJ were made in iH:;o. 

No one lliouglit ol the riitrogtai contained in the air at tlial time 
and even the saltpetre bron dii by shi])s in>m ()hilc did not alwa\s 
find ajjplication in the |>or»r fields ol Wesitan lairope. ITowever, the 
gradual introduction cif chemistry into at>ricn!iur<‘ n*f|uired ever 
greater amounts ol' the lire-i»iv'in<4 subsl.mcc s ou wliic h the* c hemica; 
life ol |jlanls is built, i.c*., miroi.><‘n, j)hosphorus and ])otassium. J'he 
need for nitrogen bei»an to increase to suc h an extent that in iH()8 
Clr(X»kes, physicist and chemist, ])rf‘dic'tcd a nitroi^c-n laminc* and 
suy^i^estc'd that new inethcKls for the* exir.u'liori of nilro<»c'n from the air 
be found. 


Mime wore on. C'hemists have* learnt l») iransli>rin tiu' nilrooen 
of the air into ammcaiia, nitric ac id and cy.inamidc* by means of elec- 
trie discharL;<*s. 

Duriui^ the f irst W’orld War nitroL»c n. whicli was necfssaiy for the* 
production of explosives, became thc‘ c»!)j(*ct ol nmne-rons investigations. 
More tlian 1 f,o nitro<jten works are now o|)eratinn lIiron<*hdut the 
world; they extract four millic>n tons of nilrogc'n from the air annually. 
Hut even this lic(iire is iH'i^lii>iblc‘ cc»mpared with lh<‘ vast rc'serves of 
this t^as which consiitutc's apjjroximately 81 per cent of the total 
volume of th(‘ air. 
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vSiiifitf i» to sa\ that all ol 
the iiitroL»rii installations in the 
world annually <‘xtraet as nui< h 
nilrom-n as is contained in a 
coluinn ol the atnios|)here o\ er 
o.fj s(|nare kilometre f)l‘the earth's 
siirfact*. We ]>i('lure to ourseKt's 
the new industrial ways ol uti- 
li/iiiL; tlie air as follows. Industry 
is inakiiii; iiKHMsint* use <»! the 
constituents ol the aerial oc<‘an. 

1 hc“ atmosphere is transl<)rmed 
into an immense sourt c of 
mineral niw materials, tlu' 
i<'serv<*s of which are j)racti- 
(ally inexhaustihle. Ilowexa'r, man has not yet lound u: nu‘ans ol 
masterinjj; these r<‘servcs. 

'The ])roress<'s by means of which man divides the air into its con- 
stitmaits arc <|ui(e impc rlia t. riie extrac ti(jn ol nitrojuen recjuircs 
hi'^h pri'ssurcs and tn'inendous <|uanliii<‘S of eneri»y. 'To sc})aratc 
lli(‘ noble ,Leases and ol)lain oxygen retpiires com]>l(*x and ex])(aislve 
inachinerv : the air ntust first b<‘ Iranslbrrned iitto llie litpiid slate 
in orch'r that the \arious i^ases may then be extracted. Cireat head¬ 
way has been made in this directi<ni in the Soviet Union in recaait 
years. 

New remarkable macluiK's, which make it possil,)le \ery thoroughly 
to divide enormous fjuantilies ol air into its constituents, havt* b(*en 
built at th<' Institute of l^hysical Problems of th(‘ l.'.S.S.R. Academy 
ol Sci(*nc(‘s. 

Htit we can alreadv imagine litih* machines insialhal in every room. 
We oj>en a ta|> mark(’d “oxygen," and inst<*ad ol air a bluish litjuid 
< ()<»led to minus 'joo (omes flowing <jut of it. 

We open anotiu'i* tap and a liquid noble gas, krypton or xenon, 
flows out <»1 it drop by droji, and somewhere on the bottom, like ash 
in a stove, solid carbon dioxich' accumulates; this rom])ound is h'd 
to a special [)n\ss and giv<\s us hard dry ice which you have all seen 
when buying ice-cream; this dry ice cools our apartments on hot 
da vs 
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In llu* piclurr 1 have*, just painted I may have run a bit tou I'ar aliead. 
riiere are no such portable little machines which can lx* plu^^ed 
in in our rooms as yet, but 1 am sure it will not l)e lout* beliire we 
are able t<» utilize the lic hes ccmtaiiied in the air liir our needs and the 
chemical industry is built on the immeasurable reserve's f)!' nitmi^en 
and oxygen, the two elements of outstanding importance ir> the life 
of the earth. 

I could finish my story right here, but 1 do not believe it would 
be com 1 pete. 

I have not said anything about utilizing th<’ carbon dit)xide of the 
air or a)>out the [K)ssibilitir*s of making use of all the gases formed 
during the combustion of coal and wood and the kilning of limestones. 

Industry is already calculating the enormous amounts of carbon 
di<jxide which are thrown out into the air as \\aste-|jroducis. It pro- 
pt)ses that the carlxxi dioxide l)c used for inanulacluring dry ice and 
it wants to extract from our ainK»sphere the o.* ; per cent carlxai 
dioxide it contains. 

I’he pliysicisls go even farther; they say that our air consists not 
only (if the t<*n gases tnenlicined above, but that it <c»nlains tremen¬ 
dous cpiantities of even rarer gases 
which are dispersed in milliontlis 
ol‘ one j>er c<*nt. i.e., radioactive 
gases. 

They mean the* rmanations ol ra¬ 
dium and of different volatile gases, 
the products ol‘ disintegration ol 
light metals. 'These gases do not live 
long in our atmosplu*re: some of 
them live Ibr days, others Ibr sec'onds, 
and still others Ibr millionths of a 
second. The air is saturatc'cl with 
these firodiicts of disintc'gration of 
world atomic nuclei. The cosmic 
rays destroy atoms and give rise to 
imstalilc gases at eacli step; thc'se 
gases must disappear again and 
change to stabler forms of solid 
sill )sla nee. 



C'Jieinical rrarlioiis arr contiiniously taking place in th(‘ aerial 
ocean. Must intricate pnKcsses occur between the clispers(‘cl atoms of 
sul)siance and we still know very little abont llu* constant and < ompli¬ 
cated shills and a])out the <-lectri<* discharges uhich octair in this 
aerial ocean around us. 

ro solve this |>roljIeni is to make on(‘ more step towards sn])ordinal- 
int^ nature to our needs. 


ATOMS W AT1-:K 


I'ho spiiiin''. ri\«‘rs. soos. txiiiiis ainl iiiKl<‘ri»roiiiul waKis O^^rtlicr 
lin'iM tin* < (Jillifuious \Nat<‘r slicll ol'lho carili, iIh* si >-<'all('cl liyclrosphriT . 
1 lu- SUM (•(Misi.nillv «*\a|)«»rat<‘s wali r Iroiii iht* \ asl snrla<*t*s ol the 
(X'caiis. 

Ill the a( iiK isplu ‘1 (' tlio water ('oticleiises aticl liills on i1k‘ earlli in the 
lorin ol lain, snow an<l hail, ll eroclt's the soils. Iixi\’iaies them, breaks 
up rocks. (.lissol\(*s a mass ol' \ arioiis substaiua's and eairit's th<‘in all 
back into the st'as and oceans. 

Water, thus, runs its ryile maii\ millions of limes; o«can -atmos¬ 
phere -eardi -ocean. AncI each time it extracts m'w amonnis ol 
waKM'-.sohibh* siibstaiuT's Irom the solid rocks ol the t‘ar(h. 

It has bf'en (\siiinat<*d that all the ri\crs ol the \\orld :inniiaily carry 
from the surlace ol the* c'arlli about ;>,ooo million tons ol substaiK < s 
dissoKi'd by tliein into the oc'ean. In otlier words, e\cry ‘2f, thousand 
years ihe waters d<*stroy and < arr\ away Irom the earth a lay(‘r ol 
rock neaily on(‘ metre thick. 

The water r<'ally cloc*s ii lot ol' work on the earth. 

Waic‘ 1 , whose loriniila is is one* of the* most abundant sub- 

stance*s on c‘anh. 

Ihe* volume* of water contained in the wc>ild ocean c'onstitute's 
i,;^7o million cubic- kile>me*lre*s! 

Wate'r has pla\t*cl an c'normously important jxtrl in the* liistory 
of the* c-arlh and, c*onsec|uentI\-, in «^c'ochemislr\-. 

'riiis is why the ujeolo^ical scie*iic:es once had a hypothc*sis that all 
rocks on c-arth had ori^inatecl in an acjuc'ous me*clium. 




The adherents of tins hypothesis, the Xeptiinists, named after Neptune, 
the mythological god of water, contested the Plutonists, who in their 
turn maintained tliat all rocks <in the earth arose from molten masst's 
which had poured to the surface from the inlerir>r of the underground 
kingdom of the god Pluto. 

Today we know that both these forceps, water and volcanoes, wert* 
involved, in the formation of the earth’s rocks. 

There is hardly any water in nature that dries not contain certain 
admixtures or substances dissolv<-d in it. In other words, nature lias 
no distilled watt'r. I'acm rain water contains carbon dioxide, traces 
of nitric acid, iodine, chlorine and otln‘r compounds. 

It is very hard, not to say impossible, to obtain chemically pure 
water. 'Phe gases of the air and the walls of the vessel containing the 
water dissolve in it, even though in very small quantities. For examjilc 
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ihousaiu) niillionlhs of a iraction df silvrr arc dissolved in the water con¬ 
tained ill ilu* silver vessel. 'Ilic silver of a tea-spoon dissolves in water in 
neolii^ihle amounts. A chemist can hardly notice these traces. Hut 
certain l<jw<'r <»riranisins, lor example seaweeds, are so sensitive to 
traces of sil\er and to soiiu^ other atoms in the water that they are 
killed by them. 

Natural wate r, while riinnini;: lhroiii»li extraordinary diverse tearcs- 
trial rocks sands, clays, Jimestones, granites, etc., certainly, extracts 
various compounds from them. Some scientists say that if w(‘ 
knew the bed of the river we could tell tin' composition of its water. 

But despite the fact that alumosilicates, as we already know, are 
abundant in nature, tlie watf‘rs d<» not, as a rule, contain Iari»e amounts 
ol aluminium or silicon. If these metals are ])resent, they are there 
mainly in the form of lees or in m(‘chaniral suspension. On the other 
hand, all the waters of rivers and seas always contain alkalis sodium, 
potassium, as well as ma*»;nesium, ealeium and other elements. Hut 
what does all this mean.* 




It appears that the elieniical 
composition ol‘the salts dissolved in 
waters depends to a great extent 
on the degree of their solubility in 
water. 'Fhc nu.>st soluble compounds 
are the most usual constituents 
of natural waters. As iH'fore staled, 
the main mass of the salt residin' 
of natural water always consists of 
atoms of sodium, potassium, cal¬ 
cium, magnesium, cliloriiie, bromine* 
and some ollit*r eh'mc*nts. 

'Fhe salt-saturated waters, i.e., 
brines, also c'oiitaiii precisely tht*se 
soluble compounds ol' atoms eroded 
from rocks. 

'riie oce;in is thus a storehouse of* 
soluble salts whieli hax e areuinii- s'i.isara t .>11- in Annric, 
latcd ill it since the existence c>r 

the earth as a result of tlie continuous circulation of water between 
the continent and the ocean. 

Scientists attempted to estimate the amount of salts annually carricx! 
by rivers intii tlie oceans by the amounts of the salts dissolved in the* 

oc'can. On this basis tbt*y c'stinialed 
the age* of the orc*aii or the* iiumbc'r 
of yt*ars rc*rjnirc'd lor the* walc'r ot* 
the ocean to acquire the c'oncen- 
tration of salts now observt'd. Mow- 
ever, the’; figure's obtained art' not 
exact. 

'fhiis the soluble' c:ompounds of 
atoms form the l>asis of the salt 
eonsiiluc'nl of natural waters, rhi* 
watc'r of the' ocean contains per 
cent salts, ofwhic h more' than Ho pc'r 
rent is sodium chloride, the wcdl- 
known common salt. Mvc'rybody 
knows that it dissolvers vc'rv easily. 




On the coast of the Axov Sea 




'riu* oi!i<‘r sc>liil)l(* (oinpdiitKls arr Jouiid 
in lli<‘ waltT ill only vrry small C{iianti- 
lic*s. All fhrniiral <‘lrin<'nts ran hr lourid 
in any natural walrr, i.<‘., sras and 
nndrroround sjiriiiLj^s. It tlrjirnds on 
how i;f)od oiir mrthods ol' rc'srarch 


Cicwcr ill ^'clllnv^ronc Paik (I’.S.A. 


If w(* n*mrinl>rr thrrr arr ahYv^rlhc*!' 
idnuit loo rlic'iniral <-lrmrnls, wr shall 
rasily mi(h*rsiantl how thr wat(*rs 
rnroiinlrn'd in nalun* diiVrr in thrir 
roin|)osition. As a nialtrr of fart, 
s<'i<-ntlsls havcM'stahlislird llu' rxislrnrr 
of mmu'rons rlassrs ol' walrr. 

I'hr wairrs of iht* o(‘<*an anyw lu'rr 
on th(‘ snrlarr and in thr drrp 
hut awa\ Iroin thr roasi) an^ 
vrry ronslanl in composition and 
»! all ('hrmi<'al t*lrmrnls. Rivrr-watrrs 
arr vrry similar in camniosition hut l(*ss <‘onstant. I'hr I’a< I lliat th»' 
rivrrs Ilow' in dillrnait rocks and undia* dilfrn*nt c limatic conditions 
leaves an imprint on thc*ir compcisition. rims thr rivrrs ol'ihc' northern 
latilndrs contain more iron and hnmns and an* olirii rvcai colonn-d 
hy them. 'I’hc' rixeas c»f the* middle* latitiidt‘s contain mainly sodium. 
|)olassimn, s\il|)hal<‘s and chlorine*. In the* warm<*r latitudes, c*sp<*iaally 
in regions w hc'rr thr waU'r doc-s not drain into sras or oceans, rivrr- 
walrr, and more- Ifc'cpic'iitly, lak<*-\vat<*r, is salty. 

A similar variation in the* composition of wate*r ac'cordinj; to /.one*s 
is ol)se*r\-rd also \frlically for the* ground waters. I’lie* drrpe*r lhe*sr 
waie“rs run, the* meire* lhe'\ rt*s<'mhlr hrines. 'I’hr w.ilers whose* e‘om- 
{losition erdle*rs me»st are* pre’cise*ly the* mine*ral unde*r^re)unel u'ate*rs 
which not in(re*<pie*ntly form mine*r<d springs, olte*n me*diritial, as the*v 
e‘ome* to the* surlac e*. 

Urn* we* can hnd w;ite*rs rontainini; calcium, iodine, In'ominc, 
radium. lithium, iron, sulphur, maij^nrsium, horon, t‘lc. 

d’he* origin of the*se* mine*ral wale*rs is e'onnrcle*d with thr solution 
ol the* mine*ral de*posits hy iinde'r”[re»und W'ate*rs, with th'* proec'ss ol' 
lixiviatiii” rocks of din'e*rrnt c'omposition. 




To clivinr ilit* process by which these* waters an* Jbrrncd by 

their e herniral ( (niiposilion is an entertairiiiijr and, at the same time, 
a very important scientific problem. 

'rhe following table shows the composition of' sea-water 'in per¬ 
centages) : 


( )xyg< n.Hh.fia 

}lyclr()g(*ii .10.72 

C.'hlorine. 

Sodiiini .J 

Magnt'sium .0.14 

Sulpfujr.o.ofUi 

(^al( iiim.o.o.j 

Potassinrii .o.o,| 

bromine. o.oot) 

Clarbon.n.t>o2 

Stronliiirn.0.001 

Boron.“).o()04 

riiiorine. o.onoi 

Silicon .o.tKKK)") 

Ruhidinm .0.00002 

Lithium .0.00001", 

\itrog<'n .(j.oootn 

Ifxiine .0,000007 

Phosp) loins .<1.00000", 

/.ine.0.00000", 

Barium.o,ooo<»o*, 

Iron .0.000007 

('iOp|.»er. 0.0001)02 

.\rs<“nif .0.00000! 7 


Aiuniiniiitn . . . 0.000001 1 

Lead.0.0000007 

Manganese .... o.ooof>oo4 

.Selinium.0.0000004 

Nickel.0.0000003 

rin.0.0000003 

C'e.siurn.0.0(>()0(>02 

I Vanillin.0.0000002 

Cofialt .0.0000001 

MolylitU iuim . 0.0000001 

ritaniiim.0.0000001 

( iennaniiim . . . 0.0000001 
Vanadium .... 0.00000007 

Chiilium .0.00000007 

Itioriiim.. o.otiooooo'.i 

(•erium.o.(>0000003 

\’llrium.0.00000003 

Lanthanum . . . 0.00000003 

Bismutli .0.00000002 

Sc andium .... o.oooooooo.| 

.\1( reury.0.000000003 

Silver.0.000000004 

(»<j|d.. o.ooooo(>oo(>4 

Kadiiiii) .o.oooooooooooooi 


It will be seen Iroi.-i the table that .sea-water contains pp-pp per 
rc'iit b\ vvc'ight of’th<* first fifteen chemical elements while the remaining 
74 elements constitute abonl o.<m per c:cnl. 

Tn absolute figur(‘s, however, this is not so little, beiau.sc* thc*re are, 
ibr instance, millic>ns o) tons ot‘ gedei in sc'a-waler. 

Scientists have made manv attempts to litiild a physico-eht'inical 
factory wliich would make tlie exiracliou of gold from sea-water prcif- 
itahle. So far all their attc uipls have failed. 

A concentration of hrcjiuine, iodine and. of course*, chlorine*, i.e,, 
the chemical elements which are very im|)ortam to man, is charac- 
teri.stic of s<‘a-wat<*r. 'I‘he iodine containc'd in .sc-a-walc^r is consumed 
by the seaweeds and the marine animals. It is from s<‘aw(*eds that 
man extracts the* main mass ol‘ industrial iodine. 
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On (lie iiCiUh in .Sukoui 


Ankha/iaii 



When the sea\v(‘C(ls die, the iiidinr tliry conlain u^oes over to the 
silt on the bottom ol the sea. Rocks ar»‘ grachially fornu'd Irorn the 
sea-silt. I’he waters are s(|iieezed out ot them and ground waters are 
i'ormed. 'Flu'se ground waters lake the iodine with them, (iround 
waters are often diseov(‘red in drilling f()r oil. They are rich in iodine 
and ]>roinine. Man has now learned to extract tliese elements from 
them. Sea-water is an unlimited reservoir of bromine which is now 
extracted in a number .of places direc tly from sea-water dike magne¬ 
sium i. 

riie history ol calcium atoms in natural waters is of particular 
interest bcxau.se th<*y are frecjnc'iitly supersaturated with ions of calcium 
and in thc*se cases the latter prexipitates as calcium carbonate and 
forms limestcmes or chalk. 

Clarbon dioxide plays a big part in the history of calcium. A surplus 
of carbon dioxide makes calcium dissolve while* its insufficiency makes 
calcium carbonate precripitate from solutions. And if we recall that 
green plants consume carbon dioxide, we shall get a clear^ picture 
of their role in the precipitation of calcium fnjiri water. As a matter 
of fact, enormous islands in the warm sea atolls are fully formed 
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i he Sprudcl Mineral ^prinK in ivarluv> Vary ^Caii>t>aii; L./cch»»>«l‘>vakia. lln. 
temperature of the water is close to the spring spurts to a height of 

9 metres 


ofcalriuni rarlxmaic deposited as a result of the vital activity of marine 
plants as well as from the lime skeletons of marine animals. 

We wanted to show by this example that the comj)osition of natural 
waters is considerably influenced l)y the living population ol the 
reservoir. 

Without the knowledge of how ‘‘living substance” influences the 
composition of water, it is impossible hilly to understand how the 
waters ol* the rivers, lakes, seas and oceans have come to have their 
])resen t -da y c< imp< )si tion 
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ATOMS ()\ THE SURFACE OF THE EARTH. 
FROM THE ARCTIC TO THE SUBTROPICS 


I nMiicinhcr tokiiii; <\ trij) Iroiii Nl<»sc(>\\ to tlic South c v\ hun 

1 was still a hoy; niy < hiklish miiul has tor c \<'r retained the picture 
of rhanoiiiti colours which uiilolded itsell l)(*l'or<‘ no* as I iuo\ t cl south- 
\\ ard. 

It was a clear da\ in \los<<»u hut I save tlir ^n v monotonous eaitli. 
ure\-red, hrow n c lays ot th<* Russian sc'ro/em. This was lollowcd ])\ a 
more inoth‘y picture ol < herno/.em colours in the* c nviions of Odessa, 
ilhnninc'd hy ifie hriuhl ia\s ol the' sprini; southern sun. I rememher 
how thc‘sc‘ colouts chani>('d as we enlerc'd the Rospheaus: the hlia* ol 
the wate r and the* c lu sinut-i)row n soils of the \ in(A ards. I e an still sc‘c‘ 
the landscape' ol soutl)c’r!i (oce ec helore' nu* the daf'k-!L>re*<-n c\ j^ress 
tree's, the' r('d soils and the* red lilms oT ireai f>\ide s amid the sne>w-w hitt' 
li me'ste mes. 

I rememhet the* deep* impressicai this picture- (»! chani»iiiL', coleairs 
had made eat me- ane:i how I insisie-d that m\ lather e xplain why the- 
('oleiurs chaTe^ed as ihe'\ did. h was otiK many years later that I uadcr- 
stc»od I had witne'ssc-d one- ol the- i^reatesl kn\s ol the e-ai tli's siu lae e-, 
the' law ol the' e»Nidative- che-micai proce-ssc-s which \ar\ se» much at the-* 
diirerent latitudes ol the earth. 

Since* ihe-ii J ha\’e- chane e cl to tia\e l a s^re-at deal through the- Sovie-t 
L nion, Irejin the* contiime^us lore sis eil the* titis^a. lhre)UL;h I lit* plains, 
tundras and |)olar exeans all the wa\ tt» the* siiow-c'a|)pc*d summits ol’ 
the '‘roof oh tile world" tlie fkimirs. And this jiicturc e)!’ tlie \arious 
chemical ie*ae iions and the cliHeie*nt latc's.of the' atoms on the suriace 
ol the eaith from the deepest .Arctic te. the* ht^l subtropics rose* before 
me each timt* but on an ever lari*c r scale. 



t'llgc (it glacier in Alaska 


Lt't iis take a look at this small map and then travel along the arrow 
drawn on it I'rojn Spitsbergen in the North to Ceylon in the Indian 
Orean. 

Around old Svaldl)ard we find eontinuous ice; it is a dc^ad ice desert, 
rhen* are no chemical reactions; rocks do not break up into clays or 
sands; the action of' frosts spreads inw'ard and trentendous bouldcr- 
stf)nes arc formed. Only now and then, at the seashore colonics of 
birds, do remains ol organic life accumulate and films of phosphates 
arc nearly the only minerals amid the rominuous ice. 

rhe chemical reactions occur just as slow'ly on Kola Peninsula or in 
the Urals transpolar region. How fresh all the rocks on Kola Peninsula 
are! On a cold morning you can observe the rocks through binoculars 
dozens of' kilometres away as if you were viewing them in a museum. 
Thin films of brown iron oxides can be seen over vast spaces. Only in 
lowlands do peat bogs accumulate, the organic substance of plants 
burns slow'ly and is transformed into brown humic acids; the spring 
waters carry them away together with other soluble salts colouring the 
layers of jelly-like masses of the peal bogs and sapropels in lakes and 
marshes. 
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Wc can observe other clicmical reactions farther south, in the vicinity 
of Moscow. Here, loo, the combustion rjf organic matter is slow, the 
same stormy spring waters dissolve iron and aluminium, white and grey 
sands surround the environs of Moscow and bright spots of blue layers 
of phosphates gleam here and there in the vast peat bogs. 

Further south the colours gradually change, the course of chemical 
reactions alters, and the atoms find themselves in new conditions. The 



chernozems of the Middle \"olga regions replace the grey argillaceous 
soils of Moscow. We see how the bright sun gradually modifies the surface 
of the earth, pnivoking ever stormier, ever more vigorous chemical 
processes. 

As soon a.s we cross the V'olga we encounter new natural reactions: we 
find ourselves in ,a vast salt zone which stretches from the borders of 
Rumania through Moldavia, along the slopes of the Norlliern Caucasus, 
runs through all of Central Asia, and ends on the Pacific C’oast. Various 
salts cjf chlorine, bromine and iodine accumulate. C'alcium, sodium 
and potassium are the metals of these salts in the firths and dying lakes, 
scores of thousands of which are scattered over the territory of this 
zone. Here wc ohserv'e a complex process of s<‘diment formation. 
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Still further south we hnd our¬ 
selves ill tlie r<‘gioii of (](‘sens. 

A new jjiriurc rises helore oni 
eyes: enormous salines with their 
white fields ^leain amitl the 
j^reeii s|>ots c^f the stejipe \et»(*- 
tatioii across which the Amu- 
Darya rarri(‘s its clioeo]al(*-Ted 
waters. Bri^lit (•<»loiirs d( not<‘ new 
chemical reaflions, thf* aioms 
sliil'l, and in t!u‘ sands accjuirc 
a new chrmical (‘(juilihrium. 

Some ol them accumulate as sands whirh Idrm deserts, oiliers arc 
dissolved, art' transported hy v\inds and stormy tn^pical rains, and 
j)recij)itate in the saliiu's and sors amid the deserts. 

In the looihills oj J ien Sharj si‘e still l)rii>hler colours. Ih rt^ stormy 
chemical reactions are eiu <>imt<‘ied at <‘\*er\ step, and the miirnition 
})alhs (*1 the at<»m on lire surface ol lire earth ar’(‘ very j:omple\. 1 am 

-till impresse<l hy tliost' hrii>ht 
and vai'ie'^ated eolouis which 
struck my eye when 1 visited one 
of the I'cmar'kahh' dejxr.sits for 
fire iirst lime. In my hook on 
the colours ol* stout's I dcscriht'd 
this picture as lollow’s: 

‘"Brij^dit hint* and L»rct*n films oi 
coj)|)er com|:;ounds ttivered liaL;- 
nicnls ol* I'oeks now dccpcnini» into 
olivc-i^rct'n, velvety crusts of vana¬ 
dium minei'als and iu>w init'rlacint> 
in azure and blue (ones of hydrous 
silicates of copjK'r. 

“Nuniei'ous coinpt>unds trf iron 
its oxide hydrates - lay before us 
in a motley srale of shades. I’here 
wt*re yellt)w, .i*'oIden oehres, Inight- 
red hydrates with low walt'r con- 
tt'nf. hrt»wn-hlaek eomhinations of 




An Arttii. l.initst.ipL. A .\iiii n 

itMin on S<.\crn;i\n /enilvn 


t a.u icT in An tn 


iaiiLlsLapc. band diincv in ilu* Kara Kunis . luikincn 


iron and inant^ancsi'; even nnk crystal accjuires bright-red colours, 
transparent barite l)ecr)ines yellow, brown and red ‘ore barite': red 
needles ol alaite ire(‘ vanadic acid an‘ crystallized on the pink 
(la\ey sediments ol caves, while brii^ht green-red sheets ol the newiv- 
lornied mineral grow on the while bones of the Iniman skeleton/’ 

I he picture ol the variegated bright colours is unlorgetlabl<% and the 
geoc hemist sc rutinizes it in order to guess its cause*. He sec‘s, first of all, 
that all the compounds are liighly oxidized and that these* minerals are 
characterized by tlie highest degree* ol oxidation of manganese, iron, 
vanadium and copper. He knows that they owe this to the southern 
sun, the ioniz(*d air with its oxyge-n and ozone, the rlischargc's ol'electric¬ 
ity during tro])ical lhunderslc>rins, when nitrogen is transformed into 
nitric acid. 

But the arrow lc*a(ls tis farther beyond the border of the .sands. Climb¬ 
ing t() an altitude of 4.000 metres we find ourselves in a de.scrt again, 

« but this time, in a dcrserl of ice; here we see neither the bright colours 
nor tlic migration of atoms we have just observed in the lowlands of 
Central Asia. Before u.s is nearly the same picture we saw on Novaya 
Zemlya and Spitsbergen. All around liiere are immf*nse boulderstones 
of mechanical sediments; the fresh rocks hardly know anv chemical 
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rcaciions, arul <iiily \wrv aiul ilicn' 
amid tin* snows and ire we sec 
arnoresei'nres of solitary sails and 
accninulations of saltpetre. 

'riiis jjictnre rt.*seni])Ies the arctic 
wastes, and only rare tluinder- 
storms remind ns of lile; lliey Idrrn 
electrical (lischare;es in tii(' air and 
create particles f)!'nitric acid which 
|)reeipitales in the form of saltpetre 
in the alpine deset ls of the Pamirs 
and, in still <»’reai(‘r fjnantiiies, in 
Atacama Devsert in Clhile. 

Blit let onr airow lead ns Imther 
across the heights of th<' Himalayas, 
and we shall ai;ain see ilu* l)ri<^ht 
eolmirs of the southern sul)lroj)ics. 

(dontinnons warm rains are lol- 
lowed hy adry tn>pl<:al summer, and 
most (‘omph'x eh<Mni('al ii'aetions 
occ ur on the surface ol' the* earth, transporthn^ sc>hil)l(‘ salts atid 
aerimmlatiiiL; (Miormons laye rs ol* red sc'diments, ori“s ol* alnminimn, 
nianc»anese and iron. 

I’nrthcT <»n, we run into lh<‘ hlocKl-rcal latcTitc- soils of Ihai^al. Wild 
wind-spouls sometinu's chive these’ soils skyward. 

WV now come to the' ehocf»lalc'-re(l c’olonrs of the soils of tropical 
India : wc sc'c i;lcamiiii; fragments of rocks hcalcal l)y tlic sun and c'ox c-rccl 
hy a sort ol'scmi-metallic laccpici-; cmly he re and there’ do N\e’ ohserxe* 
de posits «)!''*haths'* of w hite and pink salt inters]K’rsini; this |)ic lnre e)f 
the rc-d soils of the Indian suhtrojacs. 

In the* south ol India, whe re* the eme iald-^rccMi watcas of the Indian 
()ce*an wash tlie* re'd shores and the' depllis of the se’a hriii” the' hreath 
ol ilie volcanic crnj)tions ol'hasali, we* ohserve* an cvcai livc*liei' and w ider 
picture' of migrations e)f the atoms. 

C^anple'x (hcmical formalieins \ary the pie lnre of the sea-holteun at 
('ach step, l)ci>innint» xvilh the' shalieiw waters n<*ar the coast with their 
shells, s('a-mosses and corals, and endinij; with the e.iee'p waters with 
their coral re'efs and immense aecniiinlatioiis of coral limestones. 



Ill t.ciilt;!! .1 ivfi .Snail s.s.iv. 



Subrropltal landscape. Palm allc\ In the ciry of Craejra on the Caucasian coast 

In the* deep waters, in silt, wliere tli<‘ remains c»f skeletons ororganisins 
accumulate, pli<Jsphoric: salts are Idrrneci in the shape ol pliosphorite 
nodules. 

Radiolarians with their armour ol silica brought l>y rivers construct 
their open-wcjrk .sh<*Ils, while' Koranlinifc'ra i^onsume barium and c alcium 
in building thc'ir skelelcjns. Such is the' sj^c'C'd with w'hic*li the* atoms 
Tej>!aee each other from the Arc:tic- to the* subtropics, and so great are 
the ;>iocc'sses ol migraticyiis of the individual elements c^n the surface* 
rd the. <*arlh. 

What cause's this difference in the landscapes between the extreme 
north and f lic- tropical south 'Today W'C know' it is the ac tion of thc' solar 
rays, fading, an abundance of moisture, and the* high temperature's of 
thcr earth. It is also caused by slcirmily developing organic life, wliich 
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i<‘cjiiirc-s ti'i’im-ndous amounts of various atoms. l.ari;i‘ arcurnulalioiis oi* 
tlu‘ rc*inaiiis of livintij evils <leeom|)ose in the liol southern sun intf) carlH>n 
di<ixid(‘, and th<' rarbon dioxitlc* saturatf's the \vat(*r witli its acid solutions. 

The c'heniit'al r<‘actii>ns arc* many time's as fast in tlu* south; \vc* 
oeoehemists \'ery well know one of the principal rule's of rlie*inistry 
that in most e'ase*s the* rate* of the* usual ehe'inieal rearliejns incr<‘as<*s 
two-fold for every ien de^re'c's rise in ie*mf;)e*rature*. 

And wr be^in to understand the immobility and re*si of tlie atoms 
in the* are.tic wastes and the intric'aie* p;nhs ol* the'ir mitvraiif»ns in the 
subtropies and the* dc'serls ol' the south. W’c* si't* that we* e«m iienv talk 
about chrmira/ ^t'Oftrafihy, that nature with its dixersity of c*onliru iits and 
c'ountries is linkeid by strong lies to the* cht'inieal |)n)C'('sse's whic'h take 
place* all around. 

Amonja^ the fac'tf>rs detc'rminin^ llu! eoursc* oI‘ i>e*ochc'mieiil proec'ssc's, 
man hirnsell aeepiires evc*r greater importance. In the* last hundrc*d 
yc*ars his \'ii4'orous aertivity has bc*c*n c'onnec ted witli the* middle* latitudes 
and he* is only jt^radually bc'ginniiii^ to mastc'r the* waste s of the Arctic 
and the sand deserts of the south. He; brings along his own eomplc*x 
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chriiiK al n^aclions and disturbs the: 
natural profc*ss(\s, prove new 

ino\f‘m('nls and niigrati<.»ns of the 
atoms he* lu t-ds. J'he wcw rlirmical 
!^<'oL>Ta))h\ was outlined a long lime 
ago wluMi die prineiple*s of th(‘ soii 
se ieiiet* wci'e laid down; this science 
was born in Russia and its lulu re is 
bound up witli the iate of the Icr- 
Iility <»! tlie lit'lds. 

AikI \v<' recall how in tlie eighties 
ot last century in a small lecture 
hall at l\*t(*rsburg l/niversity 
W J.)oku( luiye\ . the famous '‘lather 
of soil Studies,'* ]>ain(ed in his lec¬ 
tures i'as<*iuating piciun's of a new' 
s('i<*n< e bv pointing out tlie soil 
/on<‘s \\ lii< h cov er i}k‘ earth from 
till" (»olar tundras te> the southern 
di‘S("rt. 

v\t that lime his woudeilul loiisinutiou eould nr>t yt*i lx* triinslated 
into (he language ol ( Ix-nlist ia . But ikwv. w lieu i liemislry has powerlully 
invaded tlx' field oT g<o|< igii a I srieii# <*. wlnai iigi or I if'Uiisis luive begun 
to ( ouirr)l the lili* ol plants and tin- reactions uhii fi o« ein in tin* soii. 
when the investigations ol uroiliemi.sls embrace all spheres of atomic 
migrations, we bi‘gin to nnderstaiiil the intricatr fjath trav<*lled by each 
atom in tin- diHirein latitudes ol our uailh, 

.\l tin* s;iine time, du' pas! tuailus ns that these latitudes changed. 
I h<‘ hie ol oin rarth's cinsi has vari<*d over a |>eriod «>! nearly ij.ooci 
million veais. the loc.ition of the* poles alteied, rnoniilain ranges at 
first raised the ir sno^^-eapp<‘d summits only in the* |)oiar eonntries. but 
Itilding gradnalK shih<’d sonlhwarcL lorming such ranges as the* Alj)s 
and liie llimalayas. Large* sc*.is (*ngirding the eaiih also shilled from 
north to south; /.ones c hang<‘d .and v\ilh diem c hiinged the laiidsc.apes. 
In e*af li plae'e* the* seas weie* re*j>e-ate*dly replac t'd hy monnUunS; thcr me>im- 
tains hy de*v< its and hv seas again. 



siaiiJtN iKun horn voK.inu 

rs.sk; lAistri (sinnJ iij tfir l^a<.ihc 


The t rans(‘ ol the* < he*inic al re*actie.>ns and nligratiejiis of individual 
atoms, tinis. e liansji-d in tlie* le»iie t»<*ol<»!jie al histor\ e)f the* earth, and the 


soils and superficial layers at 
each given point of the <‘artli 
are only a refh^etion of llie 
chemical IVites sullered hy tl»e 
atoms in tlie long jn'i-iods of' 
ihe diverse history ol' the 
earth. 

I'oday we kiu)w that every¬ 
thing lives, that rAcrylliing is 
llnid, that ev ei yihing ehaiegr s 
in time and s[)aee, and that 
the nK>sl moljili' tiling in na¬ 
ture in constant <|»K‘st of mav 
paths is the atom, thc' pri¬ 
mordial hriek ol'whieli the re¬ 
markable strnetur<‘s oJ tiu- 
vv^orki are made, thc atom 
\vhic:h eternally seeks rest and 
etpiilibrimn and ol)eys th(‘ 
principal laws ol th<‘ natural 
processes. 

It set'ks but does not and i 
is no rest, th<*re is only eternal 



i ir.;!*.- HdJJii.i >2 nicut . lii.tidin 
s:i?k! mi!. j\l i.?l:ntn ,t.»n 


*ver will find it, because in nature there 
mailer in eteinal motion. , . . 


ATOMS IN THE LIVING CELI. 


W’e can set* wilFi the naketl eye that coal is lorm«*d J'roin remains of 
plants. Xhe .shells ol the fossils of marine molliisrs not infref|ncnlly 
form layers of' limestones. 

But if we examine limestones, chalk, tiiatomile and many other so- 
called sedimentary rocks under the microscope, we sliall see that they 
consist completely of the reimiins of skeletons of microsi'opic organ¬ 
isms. 

In a word, gt*ology has long since recognizt'd the enormous part 
]ilayed hy the organisms inhabiting the <*arth in all the prt>c<rsses which 
occur in tlie earth's surface. 

Living substance takes a more* or less active pan in sucli gi*ochemical 
prtK'cssi's as tht: ftinnation of rocks, Cf>ncerUration and dispersion of 
separate chemical eh-ments, precipitation of sui>slanc<*s from water, 
and formation of limest<iiies from lime skeletfjns f)l' orgaiii.sms. 

But by far not all marine organisms hav(r lim<* skeleti>ns. Some of'them, 
for example sponges, have silicious skeletons. 

I'Lven more essential, however, is the fact that in the process of life 
all r)rganisms r>f the earth, plants and animals, extract, consume or 
devour and again iib(*rate enormc>us masses of various substances and 
pass these substances, as it were, through themselves. 

'I'his process is esfx'cially rapid in the minutest organisms: bacteria, 
simplest seaweeds, and other lower organisms. It is connected w'ith the 
enormous rate of their reproduction. They divide every five to ten 
minutes but do not live long. 

Estimates show that this process of cell division irivf>Ives many thou¬ 
sands of times the amounts of substance that is c^>ntained at each given 



nioiruMit ill ail llu‘ oi!L;anisins (il the earth, planls aiici aiiiiiials, or, as 
we say, in all the living siihstanee of tin* plane*!. 

It will be rc'ineinbereci that in tin* li.i»lil, i»rren plants liberate oxyi^rn 
from llieir leaves and absorb ( at bon dioxide. The o.xyt^en ol the air. 
thus loriTK-d, oxidiz<‘s the plant remains and some rocks, and is rjuismneci 
by animals during respiration. 

Jti ])lants, carbon dioxide* is tTansrorm<*d inte> < arbohydrates, )>roii'ins. 
and other c <)in})onnds. Imagine lor a moment what would hapj^en i) 
all tjrt;anisms disappeared from the* surface t)l' the earth, from the .se*as 
and oceans, from the* plains and mountains. 

J'he* oxym*n would be c:ombincd with e)r^anic snl)stantt* and we)uld 
vanish from the atmos|)her(‘. 'i'he cf)mpositie)n of the latter would 
chant<e. 'There would be n<j more microscopic marine* ortraiiisms with 
lime skeletons and, ('e>nsec|uentiy, no more* layers of limestone and chalk 
would lie formed, and chalk nuiuntains would no longer rise. 'The face- 
of the earth would change completely. 

The g(*ochf*mi( al activity of organisms varies extraordinary. Different 
<irganisms may take part in the* most diverse proc'c*sses. 

In ord<*r to asc<‘rtain what g(*ochemical part organisms play, we must 
first of all know tlieir chemical composition. Organisms build their 
I )od i (*s e u i i rc I y fro m i h e s u I ist a ric(‘s 
they, ill some way or other, 
extract from their environ¬ 
ment liom water, .soil and air. 

It has long since; be<*ii estab¬ 
lished that water H^O is the 
chief’ constituent of all organisms, 
that the latter contain an average 
of about ho j)(*r cent of it and 
that the plants liavc* a little 
more water than the* animals. 

Ck>n.sc‘c|uentl\. oxygen consti¬ 
tutes the greater pari of the 
organisms by mass. 

(larl)on plays an uncommonly 
important |>arl in the structure 
of the* bodies of organisms. It 

forms many thousands of various ocucrai view la .miiuc mannancse 
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M M (■ i'.C''I’lv <>t fhv- .iimuii'. >1 

in i i'Mf> f(•(,! 


t orij|)< unuls h\dioi'cij. < )xyt>(*n. 

niirui^ciK sulphiiT' and pinjsplKirnv 
Nvliiili in llu'ir tnni build tiu 
prolrins, {'iUs. c.n Ixdiydian*s and 
ilu* lxKli('s ol ()r^.\nisin>. 

Clar 1)011 dioxide is the main souree 
ol tlu“se (arl)on <'om})oinKls in 
livim; snhsiaiu e. I lu* ori’anisnis. 
liirtliei inore, (“ontain t onsidt'iahle 
ami)unts of’ niiio^en, phospliorus 
and snlphuf in lln- lonn ol < <>inph‘x 
<ir^anie e<)mj)oimds. 

IdiialK. the organisms aiwayjv" 
( ontain e.deimn. esjieeialK in their 
.sk(‘i(“tons. potassium, iron and oth<‘r 
eh(“mi(al (‘hanenis. 

At first it was Ix lievi'd that tin* 
ten or t\\(‘K«‘ elem<‘nts loimd in 
lh(. ot‘j,anisms in L;n‘ater (jnantiti(‘s 
were ol e\(('plional importance to 
all oft^anisms. 


It turned out Lnc'r that iheie were ori>anisms which in addition 1 (* 
IIk' most rr<‘<juentK enrountered ten or twcK'e c hemit al (‘hum'iits 
( OIK (‘titrated now ir<»n, now niaiiL^anesi , novN' harium, now strontium 
and now \anadium, as well as mans other rart' ehemie.d elcaiK'iils. It 
has thus been lound. iiir example, ih.tt silicon pla\s an important j)ari 
in the lih' of Hint sponi»es, mic roseopie radiolaiians and diatomitc' 
seaweeds whose skc'leions are loniied Irom silicon oxide. 



Iron bacteria c'oneentiate iron in lh(*ir bodies. Bacteria, which simi¬ 
larly com ( nirale mant»aiM‘se and sulphur, }ia\c also Ixx n disc'ov- 
ered. 

Barium and strontium luivc* been lound instead ol cahium in the 
skelc‘lons (A some inariiK' oteanisins. 

Certain ori.;anisms, lor example marine* invertebrate tnnicates. extract 
and accimmlate atoms ol vanadimn Irom sea-water and sea-silt which 
contain only ne^lit»ible trace's cjI tins tHcinenl. 

.Alter the death ol these organisms, vanadium eoneenlrates in marine 
sc'diments 




Other ori*aijisms as, ior ex¬ 
ample*, s<’a\\<'efls, <*xtiac l IV<»m 
st*a-\\iiier the iodine wliieli lh<* 
laMt‘r e<auaiiis in only niil- 
li<aitlis ol oiK* pf‘r ee*nl. ' l iu* io¬ 
dine is linn dt'posiled with the 
remains ol'the s<'aweeds on the* 
sea bottom. lodinc-ronlaininjL* 
mineral walersarelaterIbritied 
in tile roek eomjiosed of these* 
eleposits. \V<* extract iodine* 
from juround waters by drillini* 
de'e*p into the* roek where* 
there was once the* st*a. 

'The* iL»t'oeh<*inieal role* of' 
these- eonec*iitriilor-ori^anisms 
is enormous. 

'The* in<»re* peiTe*et the* tcehni(jne*s of invc‘sti.L;atini4 the* c'c>tn{)osit ion of* 
organisms, the* )L;r<*at<*r the* nuiiil>e*r of ehernical ele*me*nts we* find in 
thc'in, even if in vc*r\ small c|Ui.intiliers, to be* sure. 

At first it was <’ve*n assuim*d that the* sii\-e*r, rubidium, cachniuni and 
othe*r <:ii(*mieal eU*menls i'oimd in organisms wt're* only ac e idenlal irn- 
j>uriti<*s, but it has now bet*ii firmly <*siablishc"d that the* ori»anisms 
cotitain prac tic ally all (he* ehernical e*le*ments. I'hc* only cjue'stion is, how 
much ol' the*se <*le'ments the difTerent organisms contain. It is prc'ciscly 
this cfuestion that occupies (he scic’iilists' minds today. 

VVe* can sa\- bc're>re*hand that the: c'oinposiiion of the ort4anisms does 
n<»t in any way rc'itc'rate* the* c'oinposiiion of’ thc'ir e*nv'ire>mnt*iit - the* 
rocks, v\aic*rs and teases put (c.>^e*th<*i'. 

k'or example*, the* soils and rocks c'onUiin c.onsideralde amounts of 
titanium, thorium, barium and otli<*r c'he’inicxil e*lc*nic!nts, but we;* fine! 
many thoiisanels of tinu*s as little litaninm in the* e)rjL>*anisms as we do 
in the* soils, e*lc'. 

On (he* o(he*r hand, the* soils and wate*r.s c'oiitaiii little carbon, phospho- 
I'vis, pcktassium ;nid ejther chemical cle*mc*nts which accumulate in or¬ 
ganisms in miic'h gTCal<*r cpjantitic*s. 

From the* gc'exrhc'rnieal point of vie*w it has now bc*c7oine clc'ar that the 
main mass ol' the* l>od\ of organisms is built of the che.*niieal c'lc'inc^nts. 



iic- '.iifll ili;if fia*. t into nii! 

a.sitc- (I'cS-) minerai. I*.n\irf»n'; r>f the <ity < 
M\iin(JV'.k on itic- 
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MICROELEMENTS 


\vhi<’li iiiidt r th(* ('oiulitioiis nl ili** iMrlli s surl^ici', i.c., llic l)if>sj)lirrc 
'tile r('L;ion where tlu‘ organisms li\(‘ on our }>laii< l ! lonu mobile eoin- 
{lomuis or ”as(‘s. In point ol laei, ( .Do, No. ()., and Ho(^ are all mohile 
j^;as(‘s or iic]uid.s aeeessihlc* to the organisms in tin* |)roeess ol their lile. 

Iodine, )>otassinm, ealeiurn, f)hos|>horiis. sulphur, silit'on and many 
others easily form water-soIuhl<* <oinpounds. 

But then titanium, harium. /areotiinm anti tluuimn do not lorm 
water-soluble and. eons(‘<juenily. easily shiliinLi eompounds in the bio¬ 
sphere 1110111*11 tlu*\ are lount! in the st)ils and rot ks in sullieieiU tpiaiui- 
ties. They are less aec«‘ssible <»r entirt'K* inaccessible to oriianisins wliit li 
do not at'euniulale them but < onlain thetn in miprojiorti'uially small 
amounts. 

rile tir'^anisms also eont.iin \cr\ linl«‘ ol the ehemiral (iements ol 
whieh there is not enou<4:ii in lh<‘ biospiuMc. liu exanijile. radium and 
lithium. 

j he ehemieal elemtails lound in or'^anisms in \( i \ small cpiantitit s, 
about hundn'dths oron<‘ j)er ('em and h ss. are olten t alh cl miei oelemenls. 

It has now betai r('eoL>ni/ed that iht' nhirotltinenis play a very 
imporiani physioloi;i( al r<»le. .Man\ mi< |•o^*lemenls ibrm part ol pln siolosf- 
i('all\ impoi'taiit subsiaincs ol’ oicanisms; lor instamc, irt)n is a t'tm- 
stituent <»! tin* haemoi^lobin ol ilu‘ blood, iodine lorms p.iri ol the 
hormont' ol the thyroid ,inland ol animals, and eojipta' and /.iiu' are 
eoinponents ol animal and plant lermenls. 

We could draw uj) a map ol the analomiral sirui iure of orjL»anisms 
indieatiniL^ llu' ori»ans and tissues in which the eluanieal (*lemeius art' 
roiieentrated. But wc an* nt>w (ontcriied only with the ii:(*o('hemiral 
role of the organisms. 

We must aitree that various organisms dist harjuc dill’ertait txeoehemi- 
eal lunetions (h'pendiui* (»n iheii’ abilit\ to t'oiucniialt' pariit ular eluani- 
eal elements or. in (Ulitc Wf»rds. depending on their ehemieal-(‘lemenl 
eomposilion. 

“C^aleiunr’ organisms Irom wlmsc' sk< ielons limestones are formed 
also partic ipate in the i*;eoehemi< al history of c aieium in the bio¬ 
sphere; the organisms that <oncaaitrate silicon, vanadium and iodine 
play an iinjjortaiU part in the historx of these atoms. 

W'e ar(' I'aeiiig tlie jiroblem (fl* slud\ inu; the* inlluenee of organisms on 
the ge(j( iK'inieal history ol various atoms in the biosphere*, of estimating 
this inllueiK'e and ol' utili/inu it. 





It is alrciidv |)Mssil)l<‘ t<» fin<l 
deposits of' metals l)y ohserviti.^ 
ihe iialiirt' of die ve<»etalion in a 
gi\'en plate and 1)\ lindiiiu i1h‘ 
plants know 11 as the eonet ntraiors 
ol these metals. An ore lyini» 
under a soil eannot help pollut¬ 
ing the soil. riif* eoni»‘nt of 
niekel, cobalt, er>pper and /ine 
inert'ases in such soil and, 
rons(npi(‘nll\, also increases in 
plants. 

VVe now, ifierelore. anal\/e 
the t:ont<‘m of these elements in 
|)lants. ir the content is hii;h. we 
dit» diteht's an<l bort holes. It is 
in this manner that some /ine. 
nickt'l. moK'lxh'iumi and othta 
(h'posits were discovereti. 

()? i»;anisms plants and ani¬ 
mals haNt' L’row ri “a^ ( ustomed" 

It) certain conta'iilratioiis ol par¬ 
ticular chemical elc'mcnts in 
the en\ ironnient. i.<‘., in the' w aieis. soils and roc ks. W’hei cA cr ihc're hap- 
pc'iis to be lessor, on tlic- contrarv , more of them, the ori»anisms respond 
by a change in form and |L;rc»wlh. Iodine delieiency in the soils, waters 
and foods in some mountainous reunions is rc'sponsiblc' for endemic 
Ltoitre in man and animals, while* calcimn d<'licic-nc*\' cause's the* bonc's 
to be brittle, etc. 

All this shows the close* intc'rdc'pt'ndc'nc'c* bc'iwec'n the so-called dc'ad 
nature* and liviiiL* substance. 

riiey are c'onnectc'd by tiic common history oi'ihc' atoms of the chemi¬ 
cal elements. 

'The lietter and nioie exlensi\'c'l\ wc* know the* history of the mijL>ration 
of chemical elements atoms —on earth, the clc'ari'r and more |>recisely 
w ill we know the oc-fu hemical ac tivity of livinj^ organisms and for this 
we must know, first ol all. their cpiantitative chemical-element compo¬ 
sition. 



M.ui is m.ult' «•}’ tiu* N;»nu.* iluMniial ilc 
inenis ns inorynnic nniiirc 
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ATOMS l!N THE HISTORY OF MANKIND 



In trariiii; iIh- historx <»! ili<* <»\ n \ ol llu* c lo-iiiit al cIi nirHls, wr run 
intt) strange* and siirprisiiin things. Man N anwd aluml ih(‘ iirst clnnrnts 
in passing, witliout lliinkin.L; of ihrm. (Ai n susjucliiiij; that lu* 

liad niaslcrrd soniclliinu which to a kctti mind would nAcal ihr most 
iinj^ortanl secre ts ol nature. I'lu' itlea accjuirc^d in praclitc* that simple 
substaruc's lie* at tlie b«isis of the siruc tun* ol all matte r peneiraic'd into 
nnin's eonstaouMiess slowly and with t’reat diriiculty. 

Al(’h<*mists did not know any m(‘thods idr tlistini»uishin!L»' a simple 
IxkIv from a comph‘\ body, but iIha kn<.‘w met*ilsand ( ( riain sub.slanees, 
lor example, arsenic and antinmny. The heii^hls ol alchemic al wisdom 
are sc't linlh in the lollowini; note <»!' an alchc'inist: 


I.ik< the plaiiiis up in lna\c?i, 

\h ials aKo nuinhi r 
(’fippi-r, iron, ''il\c r. i>(>ld. 

Tin aial l<a<l, to smelt and in»>nl<l 
( !osmos ^a\<' us: listen I'urther: 

1 iei\ sulphur v\as their lather, 

\n(l their mcala r rneK urv ; 

1 hat. m\ son, is known to rue! 



For some time the alchemists, anrl later also chemists. c'allc*d the nu'tals 
l)y the* names of planets: i^old Sun. silver Moon, (juieksilvc’r Mer¬ 
cury, copper \'enus. iron Mats, tin )upitc*r, lf*ad Saltirn. Arsenic 
and aritimom were not ccaisidered metals, thotii^li tlieir propc-riies to 
oxidate* and sublimate* when hc*ated were very vv(*ll known. 

R<*!;»r<‘ttid)ly the alchemists often eatnoullajuc'd tlic'ir reci})C's by in¬ 
congruous and soinetimc's hardlv utiderstandable allegories. 


:V2 \ 




(liLmit-.i! laborati mn itj the iSth tcntiiiv. 'Ihc table below shows the n>iivet>ti(it)al 
'Miibols iiseil b\ sciemists ol tliat lifue tt» iltNienatc various thetuii.il cleuunts. Ilie 
(ri() svrubol in the first toiuiuu stautls for au\l. the s>iub«»i at the bottoru of ilie .seeond 
k.( luniii si^*nifu‘s eoUl. tit. 


Hrrc*, for cxainiiU*. \\r Itavr ilir “philosophical hand of alclicinists/’ 
In ihc |>alin of ihc hand von see a fish symbol of’mrrt ury. and fin* 
svinbol of snlj)liur. A fish in fire incrrttty in .sulphur was, accordiiii^ 
lo the alchemists, ihr primary .source of all types of substance. 

I hc' five main salt.s sjirauo from tht* combination of these cUnnents 
like the fin,i>er.s L^revv out of the hand: the .symbols of these elememts are 
at the iiiv^ertips: the crown and moon were the symbols of'saltpetre; 
the six-jK)intc'd star represented iron vitriol: the sun sionilied ammonium 
chloride; the lantern indicatt'd alum: the kev stood for common .salt. 

It is now clear that when the alchemist wrote: ‘AVheii you take the 
king you must boil him...’’ he meant saltpetre*, and wh<‘n he put a 
“pound of the lonii finger’’ into his retort, he was thinking of'ammonium 
clilorich*. 
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'rii(‘ ah'hnnisis also kiu-\v rarli in(‘tal had ils rcspnlivr or 

'diiiH'" aiul wt'ir able*, to fxtrarl these “limes” (or as we now say ‘‘ox¬ 
ides”) Irom all metals by means ii! a< ids. Hut the\ thonti^lu these “limes” 
w('re the simpler bodies, while lh<* metals \\<*?*e eoinpoiiiKls ol “limt's’' 
with “]jhlos*ision,” a spetaal vtilaiile lire-j)riri('iple. 

It retpiirt'd lh«* <r<*iiins and iiuhisiry ot‘ Lomonoso\' and La\<)isier to 
})rove that it was. eontrariwise, “na-reurial lime’' that was a eom])lex 
1)0(1% eonsistini^ oi mc'ri iiry and oxygen, tin* i;as just discovered by 
Priestle\, and that the wt‘ijL^;hi of this i>as exactly (xpialled thc'addiiion 
in weimhi ot the “mercurial txirth.” I'lie time ol this diseov'cry t i 7b‘-;- 
is rit^hllulK e<insider<*d the bei’^inniuL; oT modern eln'inistry and ol 
the (ollapse ol the alc hemical i'amasic s which had loin^ impelled the 
sc ientiiic study ol naiurcx 

Several do/c*n elements w<*r«‘ alreacK kncjwri by this time: Brandt 
discovered phosphorus as early as if>(>c). %\liih' cobalt and nic kel were 
discovered in the middle* c»r the' iHth century, and man learned to j)rc)- 
duee zinc' Irom the ‘“Vine cxirtli.” I'inally. in .Ame rica in i J.jth Antonio 
L Iloa (Ic'seribed a nt'W mc'tal, which looked like' silvc'r and v\hic h turned 
out to be platinum. 

But a rc'al !'e\ ision ol all “simple” l)odies be^an onl\’ in tfte last 
cpiarter ol the* iBlh centurx and in the beipimini;' c)l the ipih ce ntury. 
C)x\e(‘n and (Itlorinc' wc-re disecAcrc'ci ir. 177.), while' in hydroly/.ini^ 
WMlei b\ the c urrent ol i»;d\'anie < ells tc'u \ c ats later ( iavendish disec)vered 
hydro^c*n and ascertainc'd the composition ol walet'. 

rile sulisecjuent discoveries <»!' elements jiioceccled r('t»ularly: new 
natural bodies were broken up into their constituents. New elements 
were lound in ii numbc'r ol ease's. .Man^.mese. niolvbdenum, tunj^sten. 
uranium, zirconium and other elemc'uts were* disc f»\ered in this manner . 

In 1 BoB, Davy [lerlc'cted c'lec'lrol\sis wliich shovved its ]lotentialities 
in the hands ol the Kussi m seieiuist \'akoby who boosted the eurrc'nt 

and learnt to jiroteet t he elec trolysis 
produc ts Irom o.xidatic)n by means 
ol kc'rosene and minc'ral oils. It was 
thus that the alkali rnc'tals wore 
c»biained in the jMire state: potas¬ 
sium. scKliurn. ealeiurn, mai^nc'sium, 
barium and strontimn w<*re thus 
disc o\ (•»cd. I ’ourtec'ii ehaiK'nts wc'to 



(.Ikiimc.iI iii.kU- Ilf IIt 

Is ;is •hiriihU- .i'- j>l .uift t 




disrov(*rt*cl in tJir Idurircn 
yrars, hclwcfii j8o.| and 
1818 (iiKliiif, radniiuin^ 
s<‘l(‘niiini and liiliinni wrrr 
discovert-d in addition to 
those* wr have* alre*ad\ nie*n- 
tie)ne*el). The'se* wrrv Idllowt'd 
l>v hre>niinr, ahiniininin. 
lliorinin. \ anadiinn and I um.ut J.n oiivlun>; tuiu-NU-n 
ruthe'ninni. Ihe-n raine- a 
l>re*ak; ilie* olel ine*t]ioels hael 

alrt*ad\ f*xhanste‘d the ir |)ote‘ntialilie s aneJ ne*\\ mt'th<Kls were* 
re'e|iiirt*d. 

( )nly w he*n spe e trai analysi> was dis< <>\ <*te*el in i8')ej. did the* 
se ie-nlists line! lu'vv e*li*nie*nls: tlie se* we n* <*le*ine nts e lose ly re‘lale*el in 
pro|H*rti('s to those* idrnurly siiidi»*d and eoiild not lx* (listini;»iishe*d 
tioin ihi'in l>y tlu* old se ie nlilic' ine-thods. I'lie* e lf'ine nts elis(‘o\ (‘icel 
we*r<*: rnhidiujn, ce'sinin, {halliuin. iiKlintn. erhinin. (erbimn and 
some' othe rs. Wlu'ii I). Me*nd<*Ie*yc*\ elise. o\ e*re*e) his lainons law in 
i8t)8 he* already knew (>0 e*le*inents- 

I'renn the*n on se ie’iu e* knew\ e)l the e xistcaie <* eil partie nlar e le’nie'iils. 

It liirne*d out that e*ae h element hael its e>wn plaee* in the* Pe riodic 
l aleh* aiul that the* te>ial iminhe-r ol'all ele*ine*nts was limitt‘d. while* the* 
\ acant hoxe-s re*prese-nte*d tlie as ye*l nudist <»\ e*rt*el elements. 

Meiideleyt'V preelieted die jirint ipal eheinieal and physie al 
pro]ieriie*s e>r three ol them eka-ahiniiniuin box \o. e*kasillte>n 

boxXo. and ekaboron boxXo. :>m;. His predielit>n was biilliantb 
(onlirine'd w h<*n lht\se elenit'iils w e*re disc*»ve'rt'tl. l.kaboron w as named 
seandinin, eka-ahiininium was t;'iven the name t>r thallium anel e kasilieem 
was called i^e'rmaninin. 

imist ne)t think, }ie)we*vt*r, that man learne*d about the* e*lemenls 
l’re‘e|nently ence)iinte*red in the earth’s ernst first and abenit llie rare e)nes 
later. Xothini* eil the seirt. I’or exaniple*, there* is ve*ry little t*e>ld, eeijiper 
and tin in the* t'arth’s ernst, but at the .same time ilu*se were tlie first 
m(*tals man hael lt*arned alumt and used Ibr \arie»ns jinrpose^s. \le>re*o\'er, 
the earth’s ernst eeaitains an average ol‘ several iniiliontlis of one 
percent tin,a lew ten-thousandthsoronej)e'rr<*nt eop|i<‘r and ofily one or 
two i(*ii-milii<inths of one pt'i* cent gold. 






'flu* most aljiindant (‘Icnuaiis iji tin* earth's iiiist as. Tor cxaniplr, 
aliimiiiiuin which coiistitutrs 7.3 per cent oi’it were discovered \ er\ late. 
Ahiiniiiiuin was still considered a rare ineial as recently as the hei^innint? 
oi' the 2oih cent my. 

J’he reason is that it all dep<'nds upini how (*asily the metal is Idrmed 
in its natixe stale and how IVeqiiently accumulations in which this metal 
dominates, i.e., so-eall(‘d “deposits," an* encountered. 

it was the tcmdency ol the m<‘tals to accumulate in ont* pla(‘e, that 
I'acilitated their discoxcry anti utili/ation lor the m-eds ol man. 

As <*ach nexv element is discoxt‘red chemists are the lirst to he^in 
studxint* its j»rop(*rtit*s in tin- lahoratorw I'his is. so to s|)(‘ak, the lirst 
acfjuaintance. At this tim<‘ t luanists l(»ok lor the ]M'culiarities of the 
elements, lor its disiini»ulshin»;. orii;iiial leaiutes. 

Isn't it curious, ha* examj)l(‘. that the sp(‘('i(i(’ '^raxilv ol lithium is 
o 3so that this nu-tal lloats ext n in hen/iin*.' ( )sminni, fni the otlter 
hand, has a sj)(‘cihc ^^raxitx of so that it is jo liiiK s as heavy as 

lithium. Is it not stiann’e (hat thallium melts at only jo ( hut that it 
can hardly lx* brought to boiling, lux ausi* it boils at ■j.;')t)o (:. and this 
is well bexond the high temperatures ordinariK used In engineering,^ 
“Wliat is so curious or strange, about it ;’*' y>u will ask. l.ei me try and 
tell x'ou. 

1 shall tell you about gallium lirst. When engineers and chemists 
us(‘ high l('mj)eraturrs in laboratoi ics and at fat lori«‘s, tbe\ always 
want to know the lenip<‘ratur<‘ l<» whicli tin* m.iterial or the arii( le are 
licated. ()1 <'oiirsc, lh<*x’ must measiirr* the tenqx'i .Unr e. lirst of all. 
Bin the trouble is that lemperatun* is easily measured only up to Cl.; 

it is much harder to measun- higln*r Kmipt raiures btnause nx'rcury 
boils at ;dx> ('. and mt'rrairy tlnainomeiers just won't df». But lK*rt‘ we 
li.ixa' gallium, xxhicb will do. H’xve lake it liaelory (juari/.-glass and till 
the (hernuiiiK'tc'r with molten gallium, wc* ran measure a K'mpeiature 
ol nearly i,7<x> and gailiuni doesn’t evcai feel like l»oiling. IT xve 

hud more rel'racttiry glass, xve shall b<‘ abh* to measure temperatures of 
up to j,o(x» (!. 

\ow about wr'ight. Wc'ighi is the Ibret* x\ith wliieh a body is attracted 
to the earth. VVc'ight resists moiitm. speed and ase<*nl to unknown hcaghls. 
But man ^vants to moxe last along the earth and to llx in the air like 
a I.Mi'd. I'oi this must concpjer grax ily, and man sear c hes Icrr light 
and su'ong stiuelurc's, lor light anil strong materials. Two mc'tals hax'c 



provt'cl < sp<‘rially suitaliU*; aluniiniiiin with a specific «^ravii\ oi 2.7 anti 
niai»nesiiirn, whose specific gravity is only 1.74. 

Most ol the parts of* a rnoclern plane are made of aluininiuni or, tt) 
be exact, iVotn its alloys with copp»*r, /.inc, magiu'sinni and other metals. 
Howe\i*r, aluminium has not won its chuninating |)osilion all at once, 
but in a stul)bt>rn struggle lor tlu* improvement of its cpialities: sln'ngtli, 
liardness, resilience, arid resistance to fire and cixidi/.ers. When the* 
dilfit uliies ofobtaining mt'tallic ahirniniiim were o\ercome, it conejuered 
th(‘ kitchen first. laght anti clean unoxidizabit* ]:)t>ts and pans, spt>ons 
and cups used up its first reser\t‘s. In the Ijcginning engineering had 
made no use of it; it s<*cmetl this soft, not particularly stfong, uon- 
soldei ing anti fusible metal t:oukl n<it bt‘good loi anything t'Ise. Alumin¬ 
ium contpiered the world onl\' wlien thiraluminium, a hartl allo\ 
was |>roduc('d by “kitcheti methods.’' \’arious metals wen* added tf> 
aluminium in tin* crucible one aftt‘r another, attd each new alloy was 
tested for strength and other qualities. 



XoImkK I'oiiUl iindrrstaiKl ai that time why tiuir jK'r i<*m 
o.f, ]:)rr rent iiia,t;n<.'siuiii and insimiilkant admixtures c)!' (>ihc*r metals 
chaiii^ed the st>l'l and pliahle <iliiininimn into chiraluniinimn. a striJiiLi 
metal ea])ahle oi heins^ tempered like sieeL The rtanarkal>lc* prop(‘rtit‘s 
<>i (.hirahmiiniiim do not manilest theiiiseK't's :il oiie<’. :ind this eonsidcT- 
ably i'af ihtJites and siniplihes its tnaithiniti^. AlU‘r tempcaini; durahimin- 
iimi remains soli I'or a lew more days. Durint; tins time* it “gathers 
str^ai^th”’ while th(‘ <'opp<*r paiti< lc‘s, whieh form tin* sk<‘l<'toM of' dur- 
ahnniniuin. shift within the all«»\. Rut th<*re are other alloxs whieh are 
in some resy>ec*ls e\a‘n better than diiraiiiminiiim. Sm'li, for t'xamph*. 
is the JKussian kolehu^aluniiniiini whic h is stronger than duraluminium. 

l’h(' prodiurtion of diiraluminiimi and oilu*r li^hl ;dli>\s is of ir<*im*n- 
dous inijiorlance to all t\pes of transyiorl. Clars of the underground 
railwa\- or tr;iiiiears Iniilt of ;diitniniuin wt ij^h on<*-third h'ss than those 
inadf' of st(*<‘l. In lht‘ si<*el tranieiir thc-re arc- .p*o kilograms of deiid 
v\<*iL;ht per passenL»<*r plaec*. l>iit with the- m<-ial parts of tin- ir;im m.mu> 
faeturc'd Ifcun aluminium the- \v<-ii.;ht pe r p.xsseui.i<‘! place is ic-duecHl to 
ijho kilo^r.uns. 

A few words must here be- said about ma,s:^n<‘sium. The hislor\ of this 
rnt'tiil is \ c-ry curious: we can sav it Wits diseo\ c-rt-tl tw ic e-. It Wiis dis¬ 
covered for the fiisl lime bv l>av\'and sinc e- tlie-n it liad be-en ccuiside*red 
one- eit the* most ust,‘le*ss m<-i;ils f<»r ovc-r ick» ve-ars. It was usc-d only for 
C'lliristmas iree jjyrole-chnics in the- lorni of ribbons and powder. Rut 
in the* 2oth cf'iilury it \\ as found that iliis "toy" m«-tal po.s.sesst‘d such 
T<-markabl<- pro]K*ni<-s iliat its iitili/.ation mic>hi cause- a vc-riiable re-vo- 
iulion in v arious branche-s of e-ni;in<-e'i . 

Alumiriiuin has ”iv<-n man r<-al win!4;s. lint it is not c‘iiou.y:Fi for man 
just to fly: he must fly as far iis possible-. And if llu- we-ii^ht of the me-tal 
e»t Whieh the- plane is built is re-due-ed b\ , sav. jo pe-r ee-m it me-ans an 
extra ton of' fuel and, conseejue-niIv , <idriiiional thousands of kileune-tres 
in the* air. Rut whc-r<- e an we finel .i li^hn-r m«-tal tlian ;ih.iminium / 

riiis is w lic*n man reme*ml m-i <-d majL»iic'slum because* of its specific 
i;ra\ ii\ of 1.74, i.e-., per ct-i:i lowe r than that of alumiihuin. ^la|L»iie- 
sium. however, does n<a have* the- cpiaiities r<-<piii<-d lor a structural 
iiie*tal, i.e*., it is not sironi; ♦-nouiili and does not ic-sist oxidation: it 
re-ae is <-ve-n with boilini: waic-r, it de-privt-s the- iaiie-r of its ox\\i>e-n ;ind is 
tralisle>rme-d into a white- j>e»wde-r maiL;n<-Niurn oxide-. In the air it burns 
belte-r than wotid. I )<-sli;ne-i-s and < he-iiiists did ne»t lose* he-arl, hovve-ve-r. 



lor kiu*u tluil ;illo\s wi-rr ifn- 

tiling that ^\()ul(l iu'ip tluan lirultfir 
ni<*lal with tlx* rt(n:isit<- proprrlirs. 

As a rnaiici ol la< t. It Ii4i>, hiriM'tl 
out tliat lh(‘ sliL*lit(‘st <i<i(lit ioiis oj 
c(3]>p('r, ahniuniuiii aii<l /iiu' iol> 
inai^ntvsiuni ol it> coinhuslihilitN 
and impart to it ih<- slt<ni^th ol' 
dm aluminimn. .\I1 llir .illo\ s ion- 
lainiiii; o\ t r jo per «ml maL*n<'sium 
ai'f* t ailed "ele< trons. " In adtiitioti 
to maiLi^nesium, the elet lioiis in< hale 
aluminium, /iia , mans^atiesr imd 
eopper. 

.And now m the -^oth t eiitiirx maiiuesiiim was (list t»\frcd lor the sti t>nd 
tinx' and it immediateK \\on a permanent place as an aii t rali-l »uildinti 
me tal. It is csjiec iall\ widely use cl in ihicrati enu;iix‘s. 1 hear parts made 
ol maLitx'sinm allcws an \<i\ >lfoii;^ and tireless. 

I )o metals cN'c'r tire / I uloriunatt‘l\. the\ do. B\ c ontraet ini’ arxl 
e xpandint* Imndreds ol thous.mds ol tittxs a stec 1 sprini> loses its n- 
silic-ney, hcaonx's brittle' and bre<eks it ’tires." In ”ai;in^" tlx- slxUt ol 
a motor eraeks. lajuineerinu has diseosfred that some.' alIo\s are "tire'- 
l<‘ss’’; in these allo\s the at<»ms o( the dillere'iii nx'tals lit ('aelt laher so 
well tliai d<*spit<- all the shocks ilx'\' i^et thc-v ne‘\er come' apart. Such ai'e 
tlie maLttx-sinm alloys. NaiuralK. it is not only aireralt-buildinL' where' 
niai;n(‘sium can he ulili/cd. It is also widely useal in aute.tmobile-buildini>. 
Mae hine-tools and mae hiix' jiarts m.ule ol inau^ix'sium allo\ s are iK»tabl\ 
stron|L’ and lis’hl : i he\ are h orn li\c to six times as liijhi as tlx* sanx* ihiniys 
maele- ol ste-el and ate- as sln»ni^, atxl sonielime's even stnmi^fr. 

Ma^ix-sium is a very ahinxlant metal in the* (‘arth's e rusl and is rounel 
e\ e'r\ w here. Like irem it e asiU ac eumnlates in lari^e- epiantilie's and is 
ne)t hard to mitie*. C ^»nsid<*rable amounts ol it are e'oniaiix'd in s<\i- 
water and in sall-lake's, lor instance*, in the Sivaslt waie'rs e»lV the 
C'.rinx*an coast. 

rix* prine i|.)al manix-sium ore* is earnaliite* i KC' 1 ' AIi’Cll., * ) , 

and the Se>\*i<*t Lnion has |)I<*nty <»l it. In the* Solikamsk de[)osits Iar.i;t* 
res('rve*s ol it lie* in layers too to joo nx*ires de'e*]). In mini's earnaliite' 
is hlasti'd h\ ammonal, ent anel tlx*ii hroui^lit te) the* surlace'. 
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Oil tht* siirf;i<’<’ it t;ik<‘s a Irit 
work lo si‘parati' ihr mas^nrsinni 
from llu- I'hloriiu* with wliicli it is 
v<'ry c los<*l\ boiinck l‘’or this piirj>»>sr 
<'arriallitt* must lx* anci flirccl 

c'urr<'m ])assrt! ihroui^h it. I'hc 
t*lr<‘trit ity hrt*aks llu* lioiicls l>t*lwrcn 
tli<' maj^^iK'sium anri i hloriii<*, and 
tin* \\liit(' mtial iims in lively 
sir<'am!<*is into the iiioukJs. 

I'Ik* lime has now roinc* lor 
mai^insiiim to lx* cxlra^ted Irom s<‘iiv\ ,;i t<‘r wlueh ('<»ntains per 

iriit sails a»tcl ol whieli ma^iic'siunt * oiisiitnus one-imih. One 
cubic metrr of scr»-wa ter, thus, ci>ntains ;;.~j ki;. of nn'tallir 
m;iL;iM’si urn. 

rhf* t'xtrat lion of mai»;uesium is very simple: filtered s<‘a-\vat<*r 
is jJourA'd into res«*rvoirs and slaek<*d lime is adthtl with the rc’suli 
that magnesium hydroxidr* precipitates in the* foiin of hvs; the 
uater is ih<*n pourc'cl of). I’hc* pr<*eipilatc* is diit'd on filters, n«*utr;il- 
i/.ed 1 )\ hydroehloi ic ac id and < oniplc*l«*ly dehydiati <i. The matriiesium 
chloride' p]>lainc'd is c'lc'ctrc»ly/.t*d iu ;i molte'ii state at a]iproximaic‘ly 
700 < 1 .. like* raruallite. This is all tlierc is to tin* ]>ro<c'ss. 

Ihit ma^iiesiu 1 n is in>t only' a striietural nu‘la1. I'aii;im'erint; has not 
ibri»<>tien its ability 10 burn and dc*\<‘lop iui t‘n<»rmous tc'i np«‘!’al urt' til 
itp i** ^ Nla]L»nt'sium is an im}>ortant etmsiitm'iit of sp<*<'ial 

bron/es, while- magnesium and aluminium dust forms the* m«»st 
powe’iful mixture* loi inie'iuhiiry bombs. InduslT\ nt‘r*ds a lot of 
magnesium and the lalte*r has a brilliant future. 

Kut le t us eeirne bae k to airc raft. I he*re* is one me»re* “llyinm” m<*tal, 
and fdi'e raft-builders are* only just beitiriniui.» to make* use* of' it, rhis 
metal js bery Ilium. Jl has a spe-eifie- mriivit\- of i.d|, but it is slaljl<*r and 
*‘sironi4er ’ than niii^ncsium. 

H(*r yltium alloy s e xc e l all the* idIo\'s use*d in airc:r«if't-t)uilchni> until now. 
l»»ols m;u!e of these- alloys v\«>rk nois<‘le*sslv ;md preiduca* ne> sparks. 

Bery llium e nliaiic e s the' cpialitic's «>f' m;ii»nesium alIo\'s and inak<*s 
lhe*m particularly stroni; and iiiie>xidiz;iblc'. A ve*ry slii^ht addition of 
be-ry ilium te> iiKU'ric'sium doe*s iiway with the* ne*ec*ssity c>i prol<*etiniJ; 
me*talli< ma^uc'sium a5.>ainst e>xidalioii clurini^ tc'ennimi;. 
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But thr qiitslion arisrs: auMi'l lf»<‘rc an\ still lii^htc! alloys.' 

Lrt us rrt'all the na tal known as lithium. Its s|){*( ilic gravity is 
i.r., likr that oi cork, hut atldrcl \i> aluminiiiiti and maizncsiuiu alloys 
in small amounts it makes them (‘specially hard. 

It is a matter oi ret^iet that no stable alloys with a lar^e amomii 
ol' lithium liav(‘ Ixa n loutid as ytM. But ifa y are worth looking; lor he- 
tausc* lithium is an abundant me tal; there is as nuich ol it in the eartli s 
crust as th(‘re is /iin^, and it (ucurs in lariat' (juantities in certain deposits 
in the rorm ol s|)odnm(‘n<' minerals and in hthinin micas. 

IIenc(‘, if th(‘ alloys ol lithium and bcryllimn, lor instam (\ wcr<‘ 
found suitable lithium could be [>rocnn‘d in suihcit iU (pjaniilies. The 
studies of lithium alloys have not broumhl any c <.>nstructi\(‘ !(‘snlts as 
yet. and thes(‘ aliens still constitute* an important probletn ol the day. 

lathinm is ibund in mineral naters and physit ians ascribe ••sjx'cialK 
curative ])roperties to lithium-rich waters as, lor ('xample, the \ ic h\ 
wat('rs in I'ranct't. But lli<‘ prosp<*cts h»r oblctuhn** a ]iL>ht, durable a.m.i 
non-o.xidi/able nu‘tal lor airtralt iirc still tlu* most iempiini>. 

However, the li.eht mt'ials and alloys are still liii Inmi havin.j; replaced 
the ferrous metals iron, stc'el and tluir alloys in the transport and 
in many oth(‘t' branches <»! industr\'. We shall now say a h.‘\N words 
al)<;ut lhes<‘ “old-timers’' who ar<‘ still hale and hearty, however, and 
who pr<KluC(’ ever new alloys ol ('.xcellent tjualily. 




OciMii liner w itli litili built <>{ limb lHlei)uiii steel 





II \v<* take into acronnt all tin- I'oniph’x. so-i'.iilf<l ail(»v«‘ti slcrls, vve 
iihnil src that lliry consist «)! a sr rirs ot t losclv n iatcd nu'lals i?'«)n, 
titanium, nl<'krl, cobalt, chnnnium. xanacliuin. inaniianc'sc, molvbdc- 
ruiin and lunt^st<*ii. All ibc'sc allovs an* basicalb “sk’cIs/' i.r., tficv 
consist ot (arbotiaccons ir«»n w hose cjnaliiirs has t* Itccn t'ssrntiallv 
improved l)\ “allosinn" t»r l>y iht* atidition ot a rare metal. 

Hy snee<*ssi\(*ly rc'plaeimi; larm*ran<l l:iii»(‘r parts ot tin* iron with rare 
metals t<*c'hnt)lo‘*ists h.ise |>iodnt <‘d allovs w liit h no longer contain anv 
iron. Snell, li»r instant t*. is siellitt* winch c'oii'iisis tii liinL;sl(*n, ehrominm 
and cobalt. I'his iilloy is the latlu'r tit the ntiw well-known snperhard 
alltiys whic h hasc* i:;i\t*n ene^ineerimj^ llic* iinprt*cc*ilent(‘d metal-c'utlin”’ 
sjieccls, tirst, nl 70 to Ht) and now ol hmidneis ol’ metres per minute*. 

1 imtjstt'n has qi \ { n l ise to sii|)erhard allox s and the* powerliil n‘chnic]n(‘ 
ol metal-cutting. 1 unu;stt*n and mol\ bdc*num haxe |iroduet*d hundreds 
oi new j^rades oi unt'oamionly slrtnii^, lireprool. armour, spring, she'll, 
annoiir-pierc ini4 and otln*r sltels. 

I hc're n sc*ireel\ a l>ranch ot t*ni>ine(*rinix that has not uud<‘rt;one an\’ 
radical chaiu'cs c oiint'c it'd with the* discovt‘r\ ot tin* pioperlic's of such 
rare nu*tals as tuni^sten, mob bdenum. t'tt*. 
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Incidentally, llu-y have already ontlivcd the lerm “rare.’* 11’ we 
consider their content in the I'arth's crust we shall find tlu*rc Is twice as 
iniu'h inolyl)dennin .ind sexen liinrs as iniirh tuntrsicn as lliert' is h'ad 
in it. 'I'hen why call th(‘in rare? In industry lhe\ arc* als.o l)e<-omin]Lr 
(oininon, while* their output is increasingly i»rowinL'; and is < alchiui^ 
uj) with tliat of tin* usual “non-rarc*’' metals. 

Steel alloys containiiiij^ inolyI»dc*riiini are us<*d Tor the inanulai ture 
of jL>[un barrels and i*un-carriai><*s. Man^anesc*-nn»I\ bch'innn siec l is used 
in armour and in arrncun-pierc int^ shc'lls. 

Automobile and ain raft de signers tnak<* three basic deuiaurls on 
rnc'tal ; maxinunii rc'silieiua*, on al \ iscosity and lui;h resislar.ee to pro¬ 
tracted shaking and freepu rU shocks. Inc rc‘ast*d iuol\ bdeniun c cat- 
stmiplion in rt'cenl years, espeelalK in <*onil)ination with cluoiuiutn 
and iiicke*!, is due* preciseK' to its exte*nsi\ e* use* in sludls. <'onne*t iin<> 
rods, su]>port mae hint'rx. aiic ialt e*nirine*s and pipe's. 

Hif.'h”<P*‘*^'^y cast iion is anolhe'i* rt>rin ol molybeU*nuin 

consumption. A iutfli.^il>le* addition of <>-‘25 pe'r cent niolybde'iium 
enhance*s the* physical prope*rtie s e>i* the* e'ast iron, pat iie ularK. its 
resistanee* to be'ndinL* and te*nsion. as W'e*ll as its hardness. 

('onside'rable* amounts ol tuni»ste'n and me)lybtlt‘num aie* use'd by 
el<*cirical en.i»ine'e'rini; in the* iorm e>r thin wires in vacuum val\’e*s. 
I‘d<*e tri(' bulb filame'nts are* luaele* of iunt<st(*ii. 'rungsie*n me lts at ‘^'P^o ( ^ 
whic h is the* highest 1111*1(11114 point ainon4»‘ the* metals. ('arbon is the* 
only e*lenu.*nt that melts at a still liimher tempe*ratme*, i.e*.. ;{.f)Oo i'-. 
'I\vo <*I<‘inents have* melting points very close* to that of luiijnsten; 
tantalum Ma^^o (;, and rhenium .'ptho C’. I lie* little* ane liors that 
hold the* ine'aiide*se*e*nt iuni4ste*n filaments in electric bulbs arc made* of 
niolybdciinrn whose* mchiiii; tc*mpe'rature is *2,^00 (". 

'Thus we* can .si*e* that it is not enough to discover an element; we 
must study it and find the* i^iialitv' in it that is parlieiilarh’ valuable* fe)r 
mannfae lure; the eleanent is then disceiverc'd for the sf*ce)nd time, as it 
W(*re, and it becomes useful aiiel nt*e<’s.sary. 'I'ake, for example, the 1111114- 
steii contacts in auleuneibilc meitors wh(*re a tuni»sten plate ci.i niilli- 
nictre thick ensure's the e'h'clnc contact in the interruj>tt*r and works 
faultlessly lor hiiiidivds of hours. 

JsnM the* e'xample* eif'nieibiuni instructive? Nieibium was cemsidervd a 
usel<*ss el(*ment that ‘‘polIut<*d'’ taritalutn toi4<*ther with which it is 
usitallv found. When it was diseove*red, how«'ve*r, that stee*l witFi an 
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aclrjiixtiirc* of ino!)iiini was an 
inaurial to bt* iis<*cl in 
tlcTtrif* wc’klinji; of sic<*l, hrcaust* 
il procliKt'd an nniisually 
s<'ann iiiot>iiitn bt'c aino as ru‘c*t‘ssary 
as tantalmn. 

rh<*i'c is no fiid tiu; intni- 

diU'tion <»l o\<‘r n<-\\ f‘lrni<'nls into 
iiuinstry, noi' will ilnia* t'xcr b(*, 
bi'caiisi* lot hni<'al pi-i>| l;t( ss is 
nnlimilrtl. Hoih t hrinisis anri m*ot brniisis j->ia\ an 1 u >noni .1 bl<* jjai t 
in il. 

Hui how u-ohni< al pro^ross allVx i tlu‘ oarlli \\'hicfi pro\ idrs 

all liu subslant os rotpiirotJ l>\ t iinini'oi ini; .* Alan sii i\ < s ti> rosliaju* 
llio t anli's < I iisi in liis own wa\ lakinn all h(‘ wants IVoni it and 
j^ayiiiL; n<j lu'f cl to tlio laoi that w liat*‘\ or lio takes is ir roj)lat txiblo. 
Isn't man o\liausiini4 tlio tarlli.’ 

I host* are the fpiostions that tK t. ur 
to us when wo walth the ^(‘noi’al 
flt‘volttpnioni of mankind. 'I hoi'o is 
one more cir< umstaiu o that inip<’ls 
us t(» post* this (ju<‘siion and that 
is the (‘\t*r inci'oasint* amounts of 
useful pi'oduots :iimuall\' t'xirattod 
JW)m iho interior oi the cxirili. 

A niinini» t it^inoor told mo ho 
had tinro sloppt'd at. a little houst* 
near a mountain of m«'i,!L»nf sitt*. 
Within two or throe weeks 

the jiioiintain vanisliod: it had 
been h^niied away tt> a oomont 

])lant. 

Suffice it lr> look at the 

inciuntains of‘ slates thn>wn out 
by our iron and sU'oI mills to 

understand that man’s ariivit\’ 
is a ^c‘^>lo^ioal lat tor that is 
jMiiiiii" <iit.r by c\ta\'ator resha]>nil> th<‘ earth's {'I'USt. 
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Oiu' ol ihr most important pr<>])lems of tilt* world chemical economy 
is the late* ol' carbon in which man has especially vigorously interl’ered. 
C^arbon is dislriliuted in nature in three forms: in organic substance, 
in accumulations of coal and oil and in an oxidized state, i.e., in ihe 
form of carlxin dioxide in the atmosphere and in the waters of the rivers 
and oceans. But the greatest amount of carbon dioxide is found in combi¬ 
nation with calcium in hard limestones. 

'I'he atmosphere contains more than 2 x io*~ tons of carbon dioxide 
and, consequently, over 600,000 million tons tjf carlion. Man annually 
extracts more than 1,000 million tons ol'coal and hundreds of millions 
of tons ol'oil. He burns both, transforming them into carbon and carbon 
dioxide. Mf>re than 3,000 million tons of carbon dioxide is, thus, an¬ 
nually lil>eraled into the atmosphere and in 2f>o to 300 years its cjuantity 
should have doubled if it were not for the contrary processes, i.e., its 
dissolution in the cjccan and its consumption by plants. 



Rotating furnace f<ir calcinating carbein materials; installccl in the electrode shop of an 
alumintiini plant 
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By utilizing the carbon of the coal layers man aids in dispersing this 
element on so large a scale that his activity assumes the scojje of real 
geological transformations. 

No less imperiously does man interfere in the fate ol‘metals; he has 
about 1,000 million tons of iron and iron wares in circulation; tlie metal 
is in an unstable native form and it is being <.>xidized. 

During a certain period of time oxidation depreciates nearly as much 
iron as is produced during the same period so that the accumulation of 
iron cannot outstrip its dispersion. 

With gold the situation is somewhat better: about one ton of it is used 
up annually for reagents and for gold-plating and is dispersed by wear, 
which is a lot less than is producceJ {'about 600 tons). 

And such metals as lead, tin and zinc are extracted by man from ac¬ 
cidental natural accumulations in the earth’s crust, the so-called deposits, 
in order to become irretrievably dispersed in the proce.ss of their Utili¬ 
zation- 

Man’s agricultural and engineering activities are quite comparable 
in their scope to the influence of the elemental proces.ses. 

The tilling of the superficial layer of the earth (soil) for agricultural 
needs is of tremendous geochemical importance since more than 3,000 
cubic kilometres of it arc annually exposed t(j the vigorous action of 
the atmospheric waters and the air. 

The cultivated plants take an enormous anK^unt of mineral substances 
out of the soil, namely, 10 million tons of phosphoric anhydride and 30 
million tons of nitrogen and potassium. This is many times the amount 
introduced into the soil during fertilization. The extracted elements 
enter the cycle of substances in the animal world and are finally dis¬ 
persed. 

By his agricultural and technical activities man disperses substances. 
More than one cubic kilometre of rocks is annually extracted from all 
mines. This figure will have to be doubled or even trebled if we add the 
construction of dams, irrigation canals, etc. 

'J’he amount of .slags annually produced by all of the world's metallur- 
gica! furnaces probably^ al.so comes close to one cubic kilometre. And 
just think of the waste-products of the chemical industry brought out 
by man on to the surface of the earth! 

If we compare these figures with the 15 cubic kilometres of .sediments 
annually carried away by all the rivers from the earth’s surface we shall 
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Laboratory for testing the physical properties of minerals 


have lo acknowledge that human activity is as serious a factor as that 
of the rivers. 

And what about the art of building and the quantities of stones and 
cement consumed by it annually! The intensive construction of cities in 
the U.S.S.R. uses up more than i,ooo million tons of various building 
materials every year. 

Man is reshaping nature at an ever increasing rate. If w’e consider 
the total reserves of metal in the earth w'e shall find them large enough 
to make any talk about exhausting them premature. But not all of these 
reserves can be made use of liccause industry can actually avail itself 
only of the rich accumulations of any particular metal, and there are 
not so many of them. 

I’hc real reserves of man>' metals scarcely meet the requirements of 
industry. Legions of geological prospectors and geochemists must 
therefore search hard for metals in order to sji isfy the ever growing 
industrial needs. 





PART FOUR 



PAST AND FUTURE 
OF GEOCHEMISTRY 




FROM THE HISTORY OF GEOCHEMICAL IDEAS 


1 clr) not want the readers to get the impression that everything 
is clear, everything is known, and that all elements have been dis¬ 
covered. I shouldn’t want them to feel that we have acquired our 
knowledge without any dirficulties, that the science of the chemistry 
of substance has grown up of it.self without a struggle or searches, 
without hard and persistent work. 

No, my friends, the past of science, teaches us that thousands of 
jx-ople liave struggled for its truths for many hundreds of years, that 
tliey have made mistakes, searched for new ways, worked day and 
night in old })ascment laboratories, fought ignorance and the oppression 
of the church and monasteries and battled for an understanding of 
natiire. 

And this understanding has not come all at once. 

I remember standing on the shore of Lake Vudjiirv on Kola Penin¬ 
sula. Hefcjre us lay a city, and automobiles kept running down the 
highwa> towards the city. It was only with difficulty that I was able 
to imagine the wild and finbidding tundra, almost lifeless and cold 
as I had seen it for the first time just ten years before. 

Lf)oking at the city with its large population, the straight wide 
highways and the speeding lorries, the newcomer can hardly 
believe that only recently this was the remote tundra. But has it 
occurred to him that explorers wandered around here searching 
lor ores and minerals only a few years ago? Has he thoug.ht of 
the hard work and deprivations that the prospecting for the 
res(jurces, concealed in the severe tundra, required in order to 
call this region to life? 
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Aristotle 


It is the same in science; when we study the; achievements of modern 
scientific thout^ht and view the tempting prospects of llie near iiiture 
from the* concpiered heights, we Ibrget the hardships, the time and the 
sacrifice it took to clear up the dense Ibrests of ignorance. 

'The science which we call geochemistry is the history of the chemical 
elements of our planet. It could take final shape only of late when 
not only the idcii of the atomic structure of matter has hecoriu^ a 
rc'ality, hut when science has also penetraU‘d deeply into the structure 
of the atom and has learnc‘d its essential features. 

Modern gecjchemistry dates from the* beginning of the ^oth century. 
In a broad sense, however, gt‘oehemieal ideas, concerned with chemical 
elements, chemical composition <ii' minerals and tlie signs I'or finding 
ores and minerals, have existed and develo|)ed in the course of the 
last three or four centuries. 

Mineralogy and chemistry, whicli have g^'iie through many stages 
in their devclopnu-nt helore reaching their present stale, have tormetl 
the basis of geochemistry. 

In the struggle for (‘xistence man learned as (‘arly as pre-historic: 
time to find the stones he could use lor weapons and tools: alrc^ady 
then he was very much impr<‘ssed by the beauty of the prt‘cious stones. 

At a higher stage of development man began wondei' about the 
earth and how it had come to be. Legends about the origin of the world, 
or .so-call(‘d cosmogonies, began to come into being and were slowly 
and gradually replaced by nuae positive ideas. The most civilized 
ancient peoples on the Mediterranean coast already had railier well 
developed conceptions expressed by such thinkers as Democritus, 
Aristotle and Lucretius, 

'LIh* ideas of Aristotle, the greatest naturalist of antiepiity i 384-;^22 
B. C).;, are of particular interest to us, .since he ].)elieved the earth 
t() be a sf)here. According to this thinker, the universe had the shaj>e 
of a sphere and the earth as tlie heaviest body was in tli<* c:entre; it 
was surrounded l)y water and by the air mantle. I'he lightest element 
was fire, and then came ether. 'J’lic earth, air, water, fire and ether 
constituted the five elements. Despite the erronecjusrK'.ss of many of 
Aristotle's ideas, he exerted an exr<‘pti<)nally great influenct' on the 
development of the natural sciences, Marx considered him the greatest 
thinker of antiquity who was able to generalize all of natural .science 
of that time in his works. 

W 


I'licophrastus (;^71-286 B.C!.), Arislotir's pupil, was the first to 
list the minerals known at that time and to make an attempt at classi¬ 
fying them. He can he rightfully considered the founder ikH only of 
mineralogy, l>ut also (jf the science of soils and plants. 

A remarkable work for its time, that of Pliny the Klder, the Roman 
invcstigat(jr w1k> died during the eruption of \"esuvius in 70 A. D., 
comes to the lore in the first century A. D. In addition to fantastic 
legends, this work conveys a lot of true information about minerals, 
whose names ha\e partly been preserved U>-date. 

During the Middle Ages, the exact sciences did not develop in 
Europe. At that time tlie natural sciences and chemistry dcv(‘lopecI 
inairiK' in the ILast. 

In the singular treatises of tlie Arab thinkers of the pth and loth 
centuries, we find indications of the ccicxistence of st‘parat(‘ metals 
in nature, d ims, Luke Ben-Serapion in tlie foreword to his Book about 
Stout'S writes that ’'there an* stones that are encounlered together 
and stones that avoid each other; there are stones which are untrue 
to oth(*r stones, as there are stones which colour other stones.” 

Llie search I'or ores, their processing and the production of metals 
and alloys undoubtedly made man continuously wonder about the 
conditions under which chemical elements were found together. The 
generalizations alxnit love and hatred between various substances 
wliich then came into man’s mind were the first geochemical laws 
tliat have retained their significance. 

Lhe work ol' Avicenna, the philosopher frtmi Bukhara (9B5-1037), 
is [jarticularly interesting. ’Lhe philosopher wrote a treatise on mineral 
in which he classified them as: i) Stones and earths, 2) Combustible 
and sulphurous compounds, 3) Salts and 4) Metals. 

Another outstanding scientist, A 1 Biruni (973-1048) of Khorezm, 
wrote a rcmarkal)le book in Arabic entitled Complete Knowledge of 
Precious Aliuerals in w’hich he generalized all the mineralogical data 
of that time. 

I'he works of alchemistry in Arabic, which made their appearance 
in the ()th century, are of great importance to the history ol' chemistry, 
since they were the first to set forth the problems of truly chemical 
methods of research. 

The alchemists worked mainly on synthesis, i.e., they tried to obtain 
new' substances from the ones they already knew. Alexandria was the 
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riadlr ol alchrinistiy, clu-inical knowledge and skills penetrated 

into Syria. ’Flu* Aral>s borrowed alcheinistry IVorn the Syrians and 
brought it to lairope through Spain. 

Alchemisiry usually implies the deceptive art oi‘ making gold from 
various other iiieials. As a matter ol l'act medieval alchemists attempted 
mainly to (‘nia)ble the usual metals by trying to trarislbrm them into 
silver or gold. But these were not the only problems they were working 
on. I’liey wen‘ also searching for remedies and tin* '"philosopher's 
stone." 

File unsueecsslul endeavours to change the metals graclualK' li^reed 
the alrhemists to fnid a new application lor llieir art. 'Fheir attiuiiion 
was focused on the health ol' man and alcheinistry became tin* hand¬ 
maiden of medicine. 

'Fhough the alchemists were accused of quackery, thev' enormously 
))enefned the development ol rheinistry, because’ they eemdueted 
endless chemical experiments, and dt-spite the fact that their initial 
ideas were wrong, they sometimes achieved important n’sulls. 

71 ie J'amous philosopher Leibnitz wrote v(‘ry well about the alchemists, 
saying: “ J’hese ordinary ]:)eople have great imagination and e.xperienee, 
but iheir imagination is at variance with their exp(‘rience. They cherish 
))ure hopes, and this leads them to failure or makes tliern a laughing 
stock. And still sucli people not infrequently know more facts I'rom their 
experience and observation of natnre than many a respected scientist.” 

Ciame Renai.ssance. It signified a change for a new and higher stage 
of culture. 

The first imjjetus to the development of mineralogy was the prosperity 
of tlie mining industry in Hungary, Saxony and Bohemia. 

The remarkable works of Agrieola i i4fK)-i 555), physician and 
mineralogist in the Saxonian mining centre, laid the basis for the 
exact and deep understanding of ihe objectives of mineralogy and 
geoeliemistry. His real name was Cieorg Bau(‘r. He left many books 
which rcj^rcscnt a summary <d' the knowledge of ore dept>sits of that 
time. His most reinarkable hooks are Dc natura fnssilium (i and 

De re vxetallica (1546;. His classification of' minerals is f>f a scientific 
character. It includes for the first lime the idea of eomplexiiy of 
comj>ounds, i.e., ehemical principles. 'I’his system forms the basis 
(jf all subsequent mineralogieal works up to and including the 
18th century. 



Joiis Jakc>l> Berzelius (177^- 
1848;, Swedish chemist and 
mineralogist, worked on the 
chemical analyses of minerals 
and was the first tf> give their 
real chemical classificatitjn; he 
w’iis alsti the first to introduce 
the term “silicates.” 

Scientific societies and acad¬ 
emies, esyjecially the oldest acad- 
<-my Academia del Cirnento — 
which was fuunded in 1657, 
played an important part in 
the history of geology and 
mineralogy. The Royal Society 
w'as organized in London in 1662 and is the British Academy ol‘today. 

Scientific societies and large Kunsikammers l)ccame very pof>ular at 
the <!nd of the 17th and. esf)ecially, the fjeginning of the i8th cen¬ 
turies. 'The Swedish Academy of Sciences, and then the Russian, 
founded in 1725 in IViershurg, have played a tremendous pan in 
the develojjincni of science. 

In Russia, geochemical ideas were given their first vivid expression 
in the works of M. Lomonosov (1711-65)- On the Structure of T^errestrial 
Layers and On the Birth of Aletals. Lx^monosov’ was the first to suggest 
that metals and minerals migrated. “Metals move from place to 
place,” was his lirilliant conclusion. He gave rise to new ideas about 
minerals as products resulting from the life of the earth’s crust, 
ideas wdiich in tlie 20th century formed the basis of the new science 
of geochemistry. 

Dozens of liooks and hundrecKs of articles w'ere written abf)ut Lomo¬ 
nosov; the most prominent investigators, .scientists, writers and poets 
devoted their best pages to the analy.sis of this giant of Russian tliought 
and it is still iini>os.sible to e.xhaust this subject, because the genius 
of Alikhail Lomonosov, this Arkhangelsk pornor was so great and 
profV>und. 

VVe can imagine the powerful figure of this Titan hardened in the 
strugghr against polar nature, “wuth his noble .slubl^ornnt'ss” because 
of which hr* would ticvrr \ield to aii\l>ody or anything. 
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Courage, resolve and daring bordering on sioriny I'antasy, a thirst 
to know everything, down tt) the root of things and to the source of 
all sources, and a capacity for profound philosophical anaKsis in coni- 
binatit^n with a brilliant ability to conduct experiments, without 
which he could not think of science, were some fjf LoiTR>nf>sov’s 
traits. And whereas seven cities cjf antiquity debated the honour of' 
keeping Homer’s grave, more than a dozen different sciences and 
arts arc lighting for the main heritagt* of Lomonosov: ph\sies 
and chemistry, mineralogy and crystallography, geochemistry and 
physical chemistry, get)log\‘ and mining, gef)graphy and meteorology, 
astronomy and astrophysics, regional science and economics, 
history, literature, philt>logy and engineering. To be sure, Lomo- 
no.sov was, as Pushkin was wont to say: a ‘“wh(de university’’ in 
himself. 

I„omonoso\' may not hiive been understood l)y his contemporaries, 
but new generations ^vllich he was so fervtnitly teaching and which 
he ^\■as making his appeal, were already corrhng intf) being. 

Come, Russian youths of pierc ing ken. 

From fertile* fields and forests broad, 

To take the place of learned men 
'Poday invited from abroad. 

Blessc^d be your days for evermore*; 

Strive on with iic'ithei doubt nor awe-, 

.And with your great arhiev(*ments show 
That Xewtons, Platos of our own 
And olh<‘r men of world renown 
On Russian soil can also grow ! 

'J'wr> hundred years lutVe pa.ssexl since tlieri, but only nc*w are his 
brilliant foresight and daring theories ])eing embodied into the greai<*st 
scienlihe truilis before our very eyes, and his cherish<‘d dreams about 
the gr<*atness and glory of our country l)ec<jining realil\. 

Lomonosov' understood science not only as a mere description of 
phenonic*na, but as their explanation. He believed it was rieces.sary 
to siucK' not the bodies in themselves, but their internal structure 
and ihc' clauses of this structure*, as well as the forces which acaed inside* 
substance. He* knew that all of .scic'iiee in all its manifestations depended 
on the soluticjn of tlie one great jjroblem: tliat of snbslanc'.c*, its structure 
and cornposilicMi. 



Mikhail l.omonosov. Russian scientist (1711-6^). The first invcstij'ator in the held 
>'eolf)^y to link up the prt)blcnis tif studyin#? minerals and rocks with those of chemistry 
and physics, Ftiunder of j'cochcmical and physico'chcmical ideas in Russia 
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Lomonosov came to the conclusion that sul)stance consisted ol' sepa¬ 
rate particles which possessed special attraction, inertia and motion; 
some of them were smaller- these were the simple atoms; others were 
larger—these were the molecules. None of them was visil)le to the 
eye, and they were all in constant motion and rotation. Lssentially, 
this remarkable inference fully corresponds to the modern atomistic 
world outlook. 

Nearly half a century before the great French chemist Lavoisier, 
Lomonosov maintained that iu>thing could l)e lost in nature, thus, 
essentially, establishing the great law ol" nature, the law of Cfaiservation 
of matter and energy. 

By gradually investigating the nature of the original particles through 
physics. Loiiu.)nosov began studying chemistry. Chemistry is a science 
about the changes occurring in the composition of a bt)dy, i.c., a 
science which depends on the phenomena of ] 3 hysics and mechanics. 

In his brilliant Word about the Benefit oj Chemistry, a pajjcr read to 
a general meeting of the Academy of Sciences in 1731, he disclosed 
the grand prospects of the new' chemistry; he rejected the old ideas 
of the alchemists born in tlieir mysterious laboratories, and laid the 
I’oundation for the new edifice of chemistry, in which number and 
weight and the laws of mathematics prevailed. He carried his ideas 
into practice. 

In 1748, after a struggle of many years, lie, finally, organized on 
Aptekarsky Peninsula in Petersburg the first Russian .scientific clicrnical 
laboralor) where he kept exact records ol’ measure, wcaglil and pro¬ 
portions of substance. 

In I 752-33 l.onionosov taught the first course in ‘‘physical chemistry” 
in llic world. He said that “chemistry jilayed an important part in 
all human affairs” and he worked jjersistently in order to satisfy the 
practical needs of his country. He produced a new comjiosition of 
optical glass; after 3,000 experiments, he began to manufacture a 
coloured smalt for mo.saics, built a special mosaic factory, studied 
the composition of the Urals minerals and worked on problems of 
saltpetre and phosphcirus. 

The first prolilems posed by Lomonosov before the new experi¬ 
mental laboratory included the preparation of pure sulistances. This 
led Lomonosr>v to the study of pure metals, salts and saJtjictre, and 
the old lessons of technology and mineralogy were reviv^ed in a new 
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rorni. him a iniiirral was a mixturf of primary particles and its 
properties depended on “itie mutual union of the particles.” 

Like any oilier substances, stone had its own liistory of life and death 
and Lomonosov urged that natural minerals be studied by new methods. 

He linked the conditions of mineral formation to gcfilogical proc¬ 
esses; he endeavoured to divine these pn)cesses in the interior ol 
the earth in the fissures of volcaiifies filled with incandescent vapours 
of sulphur; on tlie surface he saw the genesis of stones in the remains 
of animals and plants. I’hus, in the mind of Lomonosov, who cornliined 
in his person a naturalist, jihilosopher and chemist, stone came to 
life in the light of new ideas. 

Here is what M. Lomonosov wrote in his remarkable book 0 // 
Terrestrial Layers published in 1763: 

“'Iliis is wdiat the entrails of the earth are like; here we have layers 
and here veins of other sulistances which nature has produced in the 
interior. We must observe their different position, colour and weight 
and in our thinking use. the ideas and advace of mathematics, chem¬ 
istry and physics in general.” 

This was no longer the old and tedious descriptive mineralogy, 
but a new science —geochemistry, i.e., chemistry of the earth. And 
as he had formerly built the foundation for the great edifice of physical 
chemistry on the liordcrs between phy.sics and chemistry for the first 
time in the history of scientific thought, he now' laid the corner-stone 
of the new' science on the borders between chemistry and geology, 
the science w'hich at that time had no name as yet. Seventy more 
years were required before the word “geochemistry” first came off 
the lips of one of the most prominent naturalists in 1838; it w'as the 
Swiss chemist Christian Friedrich Schonbein (1799-1868) who four 
years later wTotc; 

“Several years ago I made a public statement of my conviction that 
W'e must have a geochemistry before we can .speak about a real geological 
science w'hich, obv'iously, must devote its attention to the chemical 
nature of the masses that constitute our earth, to the origin at least 
as much as to the relative antiejuity of the.se formations and to the 
remains of the antediluvian plants and animals buried in them. We 
are warranted in saying that geologists w'ill not for ever pursue the 
direction they are follow'ing now. In order to expand their science 
as soon as the fossils fail sufficiently to serve them, they will have to 
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iof>k I’or nc\N atixiliary means and will then, no doubt, introduce- 
mjiicralo-chcniical methods of research into i^e(»lot>y. M’he time* whe-n 
this will liappen does not st'em \cry distant Icj rne.'" 

And here tlie histoiy of science tells us ht>\v a new idea and a new 
success resulted IVom the preceding: development of thought. 

l.ong’ and paiiistakint^ work with facts was requir<*el for exte^nsive 
chemical regularities to be reliably generalised into geochemic:al 
laws, in order that from brilliant conjecture's tliey miglit be iransle)rmed 
into firmly estal)lished and \erified scie-ntific generalizaiions. 

I’lie Russian scientist Dmitry Mendcleye\- D >7) had made* 

an enormous ce>ntribution in this direction; by discovering the* law 
of periodicity of the pro]>ertie*s of chemical elements he laid a real 
foundation for the therreioibrc barren concept of the unity of the* 
structure of the* universe. 

D. Nh'neU'leyt'v be'gan wf>rking as a chf'mist in the* fifiies of the 
19th ceniuiA when Rtissian industry started its vigorous de.'\'eloj>mt*nl. 
Since Mendt'lt*yev ardcjilly lf>ved his country lie did not shut him¬ 
self off fre>m practice but f.*ngagc‘d in it with the energy so typical 
of him. 

He wrote* about utilization of* oil and coal as well as about tht*ir 
origin and re*se*rveSj invented snjokt*le*ss powde^r, and sludieci the pos¬ 
sibilities for the development of the ire>n industr\'. 

He believed the ultimate aim of scientific studies to be "‘foresight 
and benefit.’* 

\lendclcyev’s chief w^ork, the F^undarnetUaU of Chemistry, was piililished 
in 1869, republished in eight editif>ns during his lifetime, and repeat¬ 
edly after his death. 

^Icndeleyev considered this book his favourite* lirain-child. “This 
book contains my image, my experience of a teacher and my most 
cherished scientific thoughts. 

“The Fundamentals of Chemistry contained my spiritual powers and 
my legacy to the children,” he wrote in 1905. 

The discovery of the periodic system of chemical elements undoubt¬ 
edly charted a new course for the development of chemistry and lirought 
Dmitry Mendeleyev world fame. 

This law was given a remarkable appraisal by K. Kngels. He said: 

“iVlendeleycv proved that v^arious gaps occur in the series of related 
elements arranged according to atomic weights indicating that here 
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new elements remain to be discovered. He described in advance 
the general chemical properties of one of these unknown ele¬ 
ments. . . . 

‘‘A few years later, Lecoq de Boisbaudran actually discovered this 
element. . . . By (unconsciously) applying Hegel’s law of transformation 
of quantity into quality, Mendeleyev achieved a scientific feat....”* 

Mendeleyev predicted new chemical elements, corrected atomic 
weights and gave the right formulae for many chemical compounds. 

He was the first to liken the atoms to celestial bodies—the stars, 
the sun and the planets; he assumed that the structure of the atom 
was similar to that of the celestial systems, i.e., like the solar system 
or the system of binaries. 

Tor geochemistry the Periodic Law has been the basis for the system¬ 
atic study of the laws governing the combination of chemical ele¬ 
ments under natural conditions. 

The law was discovered. But it required another 75 years, a long 
period of vast research, a period of struggle of different trends to 
explain it and demonstrate its purport and significance for our entire 
world understanding; it required numerous new experiments. 

In establishing the closest relationship between chemical and physical 
phenomena, Mendeleyev put in practice the famous words of Lomono¬ 
sov: “A chemist without a knowledge of physics is like a man who 
must grope in the dark. These two sciences are so closely related that 
neither can be perfect without the other.” 

Why has the Periodic Law of chemical elements played and will 
continue to play so important a part in the history of science? Because 
Mendeleyev’s Periodic Table is very simple and represents a simple 
series of natural facts correctly combined with each other in a definite 
spatial, chronological, power and genetic relationship. There is nothing 
fabricated in it. It is nature herself. The real world of substances that 
surrounds us and is accessible to our perception is essentially a grand 
table unfolded according to long periods and divided into separate 
parts. 

Of course, new theories will come into being and die, brilliant 
generalizations and new conceptions will replace the outdated ideas; 
the greatest discoveries and experiments will exceed by far all the 


* F. Engels, Dialectics of Nature, Moscow, 1954, p. 90. 
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past and will open up incredibly novel and extensiv’c horizons. All 
this will come and go, hut Mendeleyev’s Periodic Law will aKvays 
liv'c and dev'elop; it will constantly be rendered more precise and 
will serve as a guide in all quests. 

Ill his works, Mendeleyev appealed to us to continue developing 
the law’. 

In one of the introductions to the Fundamentals of Chemistry he w rote : 

'‘With the knowledge of how' freely and happily one lives in the 
sphere of science, 1 cannot but w^ish that many people entered this 
sphere and this is r^alh* why I am w^riting my book. It is for this reason 
that I cannot help reiterating the desire that the chemical w’orld out¬ 
look w^hich I tried my best to develop in the readers impel them to 
continue studying the science. 'I'hc conscription of the young generation 
in the service of* science should not frighten those who are aware of 
the urgent necessity for our country’s jiractical activities in agriculture, 
industry and manufacture. Only when the truths are learned in their 
absolute purity, can they be applied in life.” 

All of Mendeleyev’s works are imbued with this appeal to the* young 
generation. His lectures were attended by students from all faculties. 
His w^ord captivated liis listeners and the auditorium was alwa\.s 
crow^ded. 'I'hc students came not to hear ready-made schemes, but 
to hear their teacher think and create. 

In the iqth century studies of the chemical process related mineralogy 
to physical chemistry and gave scientists new' and more j:)recise knowledge* 
of the regrouping of chemical atoms in the earth’s crust. 

This trend, prevailing in the last years of the 19th century, paved 
the w'ay for geochemical ideas by requiring that the elements of w'hich 
the minerals arc composed be taken into consideration in analyzing 
the process of their formation. But geochemistry could not come into 
being as long as there w^as any vagueness in the idea abotit the atom 
itself, the element or crystal. 

Only Mendeleyev'’s Periodic Law and the achievements of physics, 
especially of crystallography, made the atom a reality and the crystallo¬ 
graphic grid actually a natural phenomenon, and linked the element 
and its properties to the structure of the atom. 

The ground f<>r the creation of geochemistry had been cleared but 
it still required a tremendous number of facts and observations, exten¬ 
sive experimental w'ork had to be conducted in a number of institutes 




where not hundreds but thousands of complex and difficult de¬ 
finitions outlined correct working methods. Only these new factual 
gains together with the theoretical advances of physicists and 
crystallographers have opened up new prospects before modern 
geochemistry. 

This independent science, dcv'eloped mainly by the efforts of Russian, 
Norwegian and American investigators, now aims at studying the 
atom and its fates under natural conditions. 

Unlike the other geological sciences, geochemistry does not study 
the fates and properties of molecules, chemical compounds, rocks 
or their geological complexes; it studies the fates of the atom under 
the conditions of the earth’s crust accessible to exact experiment; 
it studies its behaviour, the processes of its shifts, migrations, com¬ 
binations, dispersion and concentrations. In doing this geochemistry 
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must not only discover and outline the long and intricate history of 
each element in Mendeleyev’s Periodic Table, but must also link 
this history to the properties of the atoms on which the vital fate of 
the elements depends. 

Geochemistry was given an exact definition and development in 
our country, and Russian scientists have played a very important 
part in it. Soviet geochemistry has made such headway that it has 
quite deservedly won the most honourable place in world geochemical 
science. 

The basis for the Russian school of geochemistry w’^as laid at Moscow 
University by academicians V. V’ernadsky and A. Fersman, the author 
of this book. 

The chemists and geologists in the U.S.A., Germany and Norway 
developed their owm school, but its work has been of a somewhat 
different and much narrower nature. 

Frank Clarke (1847-1931), a Washington geologist, deserves special 
mention. He published his Data of Geochemistry in 1908. For 36 years 
Clarke c:f)llected chemical analyses of rocks and minerals and after 
a critical treatment of considerable factual material made general 
conclusions on the average chemical composition of various terrestrial 
rocks and of the earth’s crust as a whole. 

But Clarke did not regard his data as a basis for studying terrestrial 
processes. 

The dev'elopment of geochemistry was greatly influenced by' the 
Norwegian scientists Johannes Vogt (1858-1932) and Victor Moritz 
Goldschmidt (1888-1947). 

J- Vogt founded physico-chemical petrography which serrves as 
the basis for study-ing magmatic processes and offers exarnplary 
opportunities for estimating the chemical composition of the earth’s 
crust. By' closely linking crystallography with the phy'sics of solid bodies 
V’’. Goldschmidt developed the principles of modern crystallochem- 
istry and contriliuted a great deal to the geochemistry' of the deep 
shells of the earth’s crust. The series of his papers on the Laws of 
Distribution of Chemical Elements in the Earth's Crust have won wide 
renown. 

Unlike Clarke and Cioldschmidt the Russian school of geochemists 
make extensive use of the ideas of geochemistry' for solving practical 
problems. 
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Our gcocheiTiisls are trying- to I’ollow M. Lomonosov and lo employ 
the “methods ol mathematics. |)hysics and chemistry” in analyzing 
surrounding nature; at the same time they make a deeper geochemical 
analysis ol* Mendeleyev's periodic system. 

Academician X’ladimir Wrnadsky was one of the most outstand¬ 
ing students of organic and inorganic nature, the creator ol new 
scientilic. trends and the father of Russian mineralogy and world 
geochemistry. 

He studied at the physico-mathematical faculty of St. Pctcrsl)urg 
University and was graduated frf>m it in 1B85. It was the time when 
D. Mendeleyev was at his heyday and played a prominent part in 
the life of the University. 

Young N'ernadsky was fascinated i)y Mendeleyev's new ideas and 
^vas one of his nu st enthusiastic chemistry students. He appreciated 
the value of experiment in exact knowledge. 

Another person who exerted an enormous influence on \'. X’ernadsky 
in those remarkable years of struggle for science was \’. Dokuchayev, 
a man of rare initiative and efficiency. At his l(‘ctures \\ Wrnadsky 
learned to understand the importance of exact know ledge and precise 
mellKids of research. 

From Dokuchayev's classical work Russian dhvrnozern N’ernadsky 
borrowed the profound idea of the soil as a special natural-historical 
body, and many of his thoughts in biogeochemistry spring from 
\*. Dokucliayev’s scientific ideas. 

\*ernadsky\s long life ‘ 1863-1945; was one of |)ersistent w’ork and 
brilliant creative thought, a life which opened new fields in science 
and charted a new’ course in natural science in our country. 

Wrnadsky also played a very important part as a historian of science 
because he always laid the historical principle and the historical method 
at the basis of natural science. 

He invariably wanted his pupils to elucidate the history of a problem. 
He used to say: “We naturalists must learn the profound historical 
methods of understanding the past fates of mankind from historians. 
Only l)y using these methods wnW we become hi.slorians of nature.” 

'Fwenty-one years of Vernadsky’s life (1890-1911) were connected 
with Moscow- University where he w'orked as professor of mineralogy 
and crystallography. 

It w ill be observed that before \"ernadsky the teaching of mineralogy 
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Academician V. Vernadsky amon^ his youiiR students at Nfosenw University, Photii- 
^raph taken in 1911. V. Vernadsky is sitting in the centre; A. Fersman is standing 
«>n the right 

at Moscow University was confined to a tedious description of the 
minerals, 'I'hc collectitnis were in disorder. Wrnadsky not only put 
them in order, but als<> enriched them with his ow^n exhibits collected 
dviring his nvimcrous excvirsions and travels. He very frequently 
travelled in Russia and abroad and considered these excursions very 
important in the matter of training future scientists. Vernadsky 
radically reorganized the teaching of mineralogy rey^lacing the dry 
descriptive science by a chemical mineralogy based on history and by 
teaching a separat*; course of crystallography. He organized the first 
scientific rnincralogical circle which included all the mineralogists 
of' Moscow. At the same time he obligated his co-w^orkers and pupils 
to do experimental work in physico-chemical description ol* chemical 
compounds and minerals, which played a very big part in developing 
the school of mineralogy. 







These were the sources of' Russian chemical mineralogy and later 
of geochemistry, and the school of \". Vernadsky’s pupils, the mineral- 
ogists-geochemists, thus came into being at Moscow University. 

The first edition of his voluminous fundamental classical work 
Experiment in Descriptive Mineralo^ made its appearance in 1906 as 
a result of broadly conceived and regular investigations of numerous 
deposits of various minerals (the work was completed in 1918). 

In 1909 Vladimir Wrnadsky was elected Member of the Academy 
of Sciences. In 191 * .ic moved to Petersburg and began a new stage 
in his life; whereas the first 20 years had been spent on developing 
a new scientific school, the subsequent years (the Petersburg period) 
were dev^oted to organizing new scientific work. 

This change was no easy matter. \’'ernadsky missed Moscow a great 
deal. He gave up teaching and tried to devote himself fully to research 
work concentrating it in the walls of the Academy of Sciences. He 
entered the Academy at the time it was headed by A. Karpinsky, 
the Russian scientist w'ho had laid the basis for studying the geological 
structure of the Russian Plain. 

Vernadsky conducted extensive spectroscopic investigations of the 
distribution of rare and dispersed chemical elements in the Russian 
rocks and minerals and was the first to raise the question of the necessity 
of a wide and regular study of radioactive phenomena on the territory 
of Russia. 

In 1922 he founded a radium institute in association with Acade¬ 
mician V. Khlopin; an accurate methodology for estimating the age 
of rocks by lead and heliun'. was developed at the institute. 

The following words uttered by Vernadsky sound as if they were 
said today: “We are approaching a great revolution in the life of 
man not to be compared with anything ever experienced before. It 
will not be long before man lays his hands on atomic energy, a source 
of power that will enable him to organize his life at his will. This may 
come about in the nearest future or it may take another 100 years. 
It is clear, how'cver, that it will. But will man be able to utilize this 
power for his ow'n good rather than for self-destruction? Has man 
sufficiently matured to make use of the force that science must inevi¬ 
tably provide him with? The scientists must not shut their eyes to the 
possible consequences of their .scientific work and of the scientific 
process. They must feel responsible for the effects of their discoveries. 
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They must tie their work in with a better organization of all of 
humanity” {Essays and Speeches, 1922). 

As a result he developed a new, radiogeological trend in science, 
while the work on radium was put on a broad scientific basis. Some¬ 
what later he began publishing his voluminous History of the Minerals 
in the Earth's Crust (1923-36). This very valuable scientific work 
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Geochemistry among kindred sciences 


was, unfortunately, unfinished. At the same time he integrated his 
remarkable geochemical ideas and published his book entitled Essays 
on Geochemistry (1927-34). 

In his work Vernadsky showed on a number of separate elements 
how important it was to abandon the old point of view' in studying 
minerals as complex molecules and to begin investigating the atom 
and its paths of migrations in the earth and in the cosmos. 



In 1928 he founded a biogeoclicmical institute at the Academy 
of Sciences and became the father of a new branch of geochemistry— 
biogeocheinistry. This science studies the chemical composition of 
living organisms and the participation of living substance and the 
products of its decomposition in the processes of migration, distribution, 
dispersion and accumulation of chemical elements in the earth’s crust. 

In i();35 the Academy of Sciences was transferred to Moscow. During 
the second period of his Moscow actixities (1935-45) Vernadsky devoted 
most of his attention to his work in the biogeochemical laboratory; 
he personally investigated the biochemical role of carbon, aluminium 
and titanium and pointed out the necessity for drawing up a geochem¬ 
ical map of the biosphere. 

The word "geochemistry” was uttered more than 100 years ago, 
hut real geochemical science was born only in the last 30 years, in 
the years of the new stormy quests; Soviet science has played an 
especially important part in this; it boldly forges ahead, develops 
new branches of knowledge and in its aspirations and achievements 
combines theory with practice. 



HOW THE CHEMICAL ELEMENTS AND MINERALS 

WERE name:d 


This question should l)e of interest to all of us. It is not so easy to 
remeinhrr the hundreds and thousands of the dilTerent names of ele¬ 
ments, minerals and rocks. Rut if ^ve grasp the meaning ol‘ each name 
they may be easier to remember. 

Some of the readers may have* come across my little book Recollec¬ 
tions about a Stone and may remember the facetious story in it about 
the way new minerals and new stations of the Kirov Railway were 
named. It ridiculed especially the old railwaymen who had given 
the name of Africanda to a station only because they had arrived 
there on a day when it was as hot as it is in Africa. 

.\notlitT station was nam<‘d Titan though not a trace of titanium 
ores had been found anywhere around, 

VVe must confess, however, that not only our old railwaymen acted 
this way; chemists and mineralogists did the same when they discovered 
anything new: each of them named things at will and all we can do 
now' is remember these names as they are. In chemistry it is simple 
enough; there arc only al)out loo chemical elements for w^hich names 
had to be thought of. It is much harder in mineralogy where close 
to 2,000 minerals are already know'n and w'herc from 20 to 30 new'' 
ones are discovered every year. 

Let us first try and make out the names of the chemical elements 
on which the science ol chemistry rests; the chemical symbols were 
made up of the first letters ol' these names in Latin: Fe [ferrum —iron'). 
As (arsenicum —arsenic), etc. 

CUiernists and geochemists most frequently and most willingly named 
the newly discovered elements after the country or city where the 





discovery was made or w'herc a compound of the given substance 
was first found. 

We can, therefore, easily understand such names as europium, 
germanium, gallium (from the ancient name of France—Gallia), 
and scandium (Scandinavia); these names can be easily remembered; 
it is much harder to remember the names in which ancient designations 
of cities or countries were used. It is sometimes vxry difficult to guess 
the origins of these names. 

Thus, when a new element w^as discovered in Copenhagen in 
1924 it was given the name of hafnium, the old and unknown 
name of the Danish capital. Lutecium w'as similarly given the old 
name of Paris. Thulium is the old Scandinavian name of Sw^eden 
and Norwav. 

I'he metal ruthenium, which w’as found in Kazan by chemist 
R. Klauss, was named in honour of Russia, but, unfortunately, it 
scarcely occurs even to many competent chemists that “ruthenium” 
stands for “Russian.” 

A curious thing happened to one of the feldspar quarries near 
Stockholm in Sweden; the Ytterbi pegmatite vein yielded a large 
number of new elements, and the names “ytterbium,” “yttrium,” 
“erbium” and “terbium” resulted from the different versions of 
this name. 

Many chemical elements w'cre given their names on the basis of 
their phy^sical and chemical properties. 'Phis would seem more rational, 
but these names are intelligible to, and easily remembered by, those 
w'ho have a good knowledge of old Greek and Latin. 

Since a series of chemical elements were discovered on the basis 
of their colour lines in the spectroscope these elements w^ere given 
their names according to the colour of these lines: indium by its 
blue line, cesium by its azure-blue, rubidium by its red and 
thallium by its green line. 

Other elements were named after the colours of their salts; for 
example, chromium from the Greek word meaning “colour”—was 
so named because of the bright colouring of chromium salts, W'hile 
iridium was given its name because of the iridescent colours of the 
salts of this metal. 

Very many chemists, who were keen on astronomy, named certain 
elements after planets or stars. Such are the names of uranium, 


paladium, cerium, tellurium, 
selenium and helium. Only the 
last name has a deeper meaning 
because helium {hellos —sun) was 
first discovered in the sun. 

A still greater number of names 
were given in honour of the gods 
and goddesses of antiquity. Vana¬ 
dium was, thus, named in honour 
of a goddess, wliilc cobalt and 
nickel, the harmful fellow-travellers 
of silver ores, were named after the 
wicked gncjmcs who were supposed 
to live in the Saxon mines. 



Sribnitc 


The names of tantalum, niobium, 

titanium and thorium were taken w'ithout any particular reasons 
from ancient mythology. Antimony was known in the Middle 
Ages by the name of aritimuan, which most probably stems from 
the Cireek word meaning “flowers,*’ since the crystals of stibnite 
arrange themselves in bunches resembling the flowers of the 
compositac. Accordiifig to another version antimuan is derived from 
antimonk allegedly because antimony leads recluse monks into 
temptation. 

Much less attention was dev'oted to the names of world-famous 
scientists. The mineral gadolinite was named in honour of the 


Russian professor A. Gadolin, and 
the element was named gadolinium 
after the mineral. 

'I'hc name “samarium” comes 
from the mineral in w'hich it was 
discovered; samarskite was first 
found in the Ilmen Mountains in 
the Urals and was named in 
honour of Colonel Samarsky. 

Ruthenium, gadolinium and 
samarium are three elements whose 
names are of a purely Russian 



origin. 
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Ill atlclilion to all these coiii])lieatetl and at limes unreasonable 
names, however, there are about ;3o chemical elemc'uts which in the 
roots ot‘ their names have various ancicait Arabic, Indian or Latin 
words. 

I'hc origin of the words aurnw :gold , plumbum 'h’ad), arscnicuru 
1 arsenic), etc., is respr)nsible for man\ argimients. Finally, there an' 
several new transuranium elements; nc jiiunium .\f)i <);), and plutonium 
i Pn) 94 were named after fjlaiu'ts: americium i Am, 93 stems from 
the word America, and curium :C’m 9b was named in honour of 
Marie Curie, etc. 

Sec what chaos and disorder! Cireek, Araliic. Indian. Persian, Latin 
and Slavonic roots, gods, goddessc's, stars, planets, cities, countries 
and surnames frequently without any rhynu' or reason. 

True, there were attempts to |>ul some order into the system oi* 
names of elements, but there arc* .so lew of them that it reallv does 
not pay. It is quite a different (|uestion witli ilie names of minerals. 

Here the geochemist and mineralogist must radicalb' alter their 
practice because more than 23 new minc'rals must be named every 
year and it is, certainly, unreasonable* to name such compounds as 
laurite after the chemist’s brief- Laura and to give tri a series of minerals 
names of princes and counts out of loy^thy to these jieoph* who never 
had anything to do with minerals, as was tin* case, for instanct*, with 
uvarovite. 

Finallv, some names are so incongruous that we can hardly pronounce 

them, lor example, ampangabeiie, 
named after the place where it 
w'as I'ouncl in .Madagascar. Tin* 
names ol' tin* minerals form a most 
interesting l)age in the history 
of mineralogy and chemistry. The 
origin of the names of a number 
of rniiK'rals is still unknow^n, and 
many of them have their roots in an- 
f'ient India, Egypt or Persia. Persia 
has given us turquoise and emerald 
srnaragd), ancient (jrreef:e—topaz, 
and garnet, and India—rubies, 
sapjihire and tourmaline. 
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Many minerals were named 
after their locations. Thus, such 
names as ilmenite (Ilmen Moun¬ 
tains in the South Uralsj, bai- 
kalite (Lake Baikal) and mur- 
manitc (Murmansk Region) arc 
vwy well known and intelligilde 
to us Soviet people. But the 
most interesting name to us is 
connected with Moscow; it is 
moscovite or muscovite, the 
famous potash mica which plays 
so iiriportant a part in the elec¬ 
trical industry. Very many names 
were given in lionour of 
w'ell-knowm scientists, prominent 
chemists and mineralogists. We 
shall mention scheelite, so called 
in honour of the well-known 
Swedish chemist Scheelc, goe- 
thitc—in honour of the poet 
and mineralogist W. Goethe, and the familiar mendelevitc and 
vernadskite. 

It must be admitted that tlic names given to minerals on the basis 
of their colour are very suitable, but one must know Latin or Greek 
to understand these names. These include, for example, aquamarine 
(colour of sea-water), auripigment (colouring of gold), leucite (from 
the Greek w^ord leucos —white), cryolite (from the Greek word meaning 
“ice”) and celcstitc (from the Latin wwd meaning “sky”). 

Very many names stem from the physical and chemical properties 
of the mineral. Thus, silver-like minerals arc called glances, copper- 
or bronze-like minerals are know'n as pyrites, minerals which have a 
capacity for splitting in several directions arc called spars, while 
minerals that contain metal which it is hard to guess by the deceptive 
exterior are known as blendes. 

The diamond received its name from the Greek wwd adamas, i.c., 
invulnerable, invincible, adamantine. It must, finally, be admitted, 
that many minerals were rightly named after the chemical elements 
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which formed their main 
constituent. These include, for 
instance, phosphorite, calcite, 
wolframite, molybdenite, etc. 

There are some names, 
however, that evoke a special 
interest. Some of them are 
connected with legends; the 
meaning of others is concealed 
in the entrails of the alche¬ 
mists* laboratories. Thus, as¬ 
bestos received its name from 
the Greek word meaning 
“unburnable.” Nephrite owes 
its name to the medieval 
error that it allegedly cured kidney disease. Phcnacite—“deceptive** 
was so named because its beautiful wine-red colour fades w'hen 
exposed for a few hours to the sun. 

Apatite, or “deceiver,” was given this name because it is hard to 
distinguish from other minerals; finally, amethyst has borne its name 
since the Middle Ages w^hen the mysterious property of ser\'ing as a 
protection against drunkenness was ascribed to it. 

This brief description show's w hat a complicated business the naming 
of minerals is. 

Isn’t it at all possible to bring order into this matter? Isn’t it possible 
to organize an international commission which might sanction the 
names of new minerals and wdiich might see to it that they correspond 
to the properties of the minerals, that they be easy to remember, that 
the very names form some sort of a system and that they classify the 
hundreds and thousands of mineral species? 

We hope that, as the chemical and geochemical sciences continue 
to develop and prosper, our little proposal will be given consideration 
so that the school child and the student may no longer be tormented 
with long and hard-to-remember names, and that the names given 
to the minerals be closely related to the characteristic properties of 
the stone, the plant and the animal in order that they may be easily 
committed to memory. 



Oriental precious stone merchant. i7th-ccnturv 
engraving 









CHEMISTRY AND GEOCHE!\IISTRY IN OUR TIME 


\Vc arc livini^ at a time of gr.uul achicvcincnls in physics and clicin- 
istry. 

'I’hc old metal iron is he^iimiiii; to he re]daced hy 4 )ilu'rs or 
he comhined with a immher of rare metallic suhstances. 

C^)inplex compomids of sllictui in t’lass. porcelain, l)rick, concrcMe 
and slai;s are lu'ginnini; to sni)stiliile for the old iron slnictnres. 

C)ri;anic chemistry cliemislry of carhon -has made treinendous 
headway ol‘ late, and lari^e laclories havt* already taken the place 
of the enonnons fields ol indiijo and rnhher plantations. 

I'hese lactories produce synthetic rnhher and paints IVom products 
of coal distillation, which already now not only replace tin* natnral 
N’eujetalile dyes, Init also yii'ld a much wider scale of colours. 

As a mattc'r of Tact, the* world is now iisinix c*ver more chemistry 
in science, economv and life. Clhenii.stry is penetrating; into every 
little detail of our day-to-day life, into every particular of the most 
complex apparatus ol industrial production. 

And it stands to nxison that in addition to the more c*xtensive use's 
chcinislrv we are cxtendini; cnir .studit's of tiu* natural resource's 
and the mineral raw materials hc'caiise our ('conomy and industry 
nc'c'd c’lionnous ijuanlities oi them. 

(Je<»chemislry is so closeh rc l.itc'd to chemistry that it is rrexpiently 
hard to draw a line hetween lhe.se two .sciences. 

()ri;ani/ation of special resc-arcli institute's and lahoratoric's now 
forms the* basis of the dc'velojmient of the chemical industry, and we 
jL^ratefulIv rc'call the w<»rds of the famous Kreiieh biologist Tastcnir, 
who as <*arlv as iJUio said: 



‘‘I iMX'rch you tn dt*\oU* inori* altriition to llu’ sacrrd asylums 
ktiowM as lal)(>ratorii‘s. Insist that th(‘ri‘ lx* mon* of tla'iii aiul tliat 
tlu*y 1)0 l)(‘t!(*r <'Cjui|)|K*d. 'riirsc ar<* tlu* lfm|)l(*s ol’ our luluro, ol' our 
wealth and of our welfare.” 

Sinee the (ireat ()etolM‘r Soc ialist Re\ <»lution an < \tensive in'twork 
of research institutes working in the field ol'rhemislry has been ori^ani/ed 
in the So\iet l.’iiifin. 

S|»/c:ial c'hemieal institutes have been set iip. Many ol these* have* 
alse> de'alt witli iL;e*e)elie*mie'al problc'ins. Some* of lhe*m fia\e* sueee-ssfully 
de‘ve*lo|)ed le*ehnoIoLtiral sehe*me's for utili/.ino aluminiimi e)re‘s, othc*rs 
have* l)rilliantly se)lved the* problems ol' usiujL* be>re)n and its earbide*s, 
still othe*rs have* e*xtensive*ly stiidic cl the* salts leumd in the* So\ ie*t LanePs 
depejsiis and a numbe*r of elemerUs rare t*arths, jdalirnim, gf>ld, 
niobium, tantalum, nieke*!, etc . 

M'he C ie*oc hemieal Institute* e)f the* l.'.S.S.R. Academy of Se ie*nre*s, 
founde*d for the* elaboration e)f ine»re* spe*e:ial pre)ble*ms, has e e)ndut tc*d 
a nunibe*r of in\'estii»ations; the* work e)i tliis institute* has laid the* basis 
fejr the* colle'ctive* t»e*eicheniical the»u3L>ht in tlu* ceumtrv. 

The* M(*ndele*\’e*\' Soc'ic*ty, which e:ontinue*s the* i^lorious traditions 
of the Russian IMiysico-CChemical Socie'ty, is e*xte*nsive*ly propai>atini»' 
ehe*miral ide*as; the* Mendele*yev Sexleay unite's in its institutie>ns and 
branehe*s se*v(*ral thousand pe*oplc*. 

\le*ntion must also be inaele* he*rc.‘ e>f thcr All-l’niem Mineralogic*aI 
So(:ie*ty founde*d in I’e-tersburi^ in 1817 and still vineireuisly elabe>rating 
prejblems cjf mine*raleigy and petre^graphy. 

(ie’oche'mistry has won wide public* recognition, and ge'eKlu'inic'al 
thought has be*guii tej penc*trate* into all seic'iitific studies of min- 
e*rals. 

A Soviet che*mist has c'alculate*d that more* than a million scientific 
pa|)e*rs de*aling with chemistry have- bc*en publish(*d in pe'iieidicals in the 
last ;^ei ye*ars; cle>sf* to 8e),eHMi e»f lhe*se* have be‘en f>ui)lished in the last 
lew ye-ars ale)ne*. In orde*r le» foileiw up this e*ne)rme>us literature*, there 
are* sjiecial journals which revic*w all article's j>ul)lislu*d tln'e)Ughout 
the* world in more* tlian ;^o language's, and in nearly ;^,0()0 chemical 
journals. 

Ilowe-ve'r, whe*n we sperak of the* nume*rous inve*stigatienis conducted 
in re*ce*nt ye*ars, we must not forge*t that an e)\e*rwhelming part of these* 
de*als with carbon compounds, that a veiy large* number of th(*m is 
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related to jnirely teclinical problems and that only about two per 
cent of them are closer to the problems of geochemistry, to the j)rt>b- 
lems of studying the substance in the earth’s crust, its abundance, 
migrations, structure, combination and formation into ores of the 
grades emy^loyed in industry. 

"file expansion of scientihe work in the research institutes and so- 
cietii'S, and the development of publishing lias enablerl the c hemi< al 
sciences to y)ose ever decjK'r and broader problems. M hough 200 years 
have already pass<*d since I.omonosovs d<*ath, we can still us(‘ the 
first paragraph ol‘ his foreword to the lecture on y)hysi(Ml chi uiistry 
deliviTcd by him in 1731 as the I)asic motto in our cliemical work: 
“ The study of chemistry may }>ursue a double aim; one of these is 
thc' y>erfection ol the natural sciences, the other multiplication ol 
tlie good things of life.” 
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Asa inaltf-r of Tart, <la*inislry 
and pliysirs hav<* not only jmt- 
Irc t«-tl tin* natural sc irnc rs, l>nt 
li;i\'r also o|n*nrfl lH‘(drr us iht* 
ni\sl« rirs oi nature hidden iroin 
tail' eyc-s ; seieric e and en!j;iueerin|L;' 
liiive l)er*n al>lt‘ t<» reveal tf> us 
the multiformity of atoms, of 
\\hi< h th<* world is eom|>os<‘<L 
()v\inv» ti> the af'l liivtinents 
ofth' ehemic al seieu< es, modern 
industry now jjrriduees about 
J",0,000 r<>m|>ouiids of <lif)'ereut 
rleiMfiits, while ihf* mimixr of 
oiL^anic: r^ompouiKls <lev<h >| »f‘d 

and sliidif'd in laboratories runs 
into OIK* million. I'here is nf> 
eufl to ihf* ('om|M>uuds labi»ra- 
lories ran still |)rr»du<<*. 


lf<iw t^raml thesr* fit»ur<‘s ar<* cainipareci with tfie '^,500 f'ompounds 


w<* know in nature! And yc-l pieeiseK nature was our first leacfier 


<)f the( hemi< al s< iein es. ( )ur industr\ is bas(*<l on mineral raw mat<*rials. 


The dire(;tion of tlie work in e)n*mical labr>rat«»ries depernls on them; 
both the struf'ture <»f siibslarne ;ind the eourse of ( heinieai rcar tions 
have bet n stutlied on natural matr iials. 


I hat IS why it took .i^foeheniistrv t<> build a bTidL.',e between the* 
rhemir al riiifl tlie i‘/’olot?ir al sc ienr <*s. liy studyiuL; tin* prop< rli< s an<l 
r<-.srrves of the worlfTs niiner;d raw rnaMrials, i^eorhemislTy has not 
fjiily reverded thr* struf lure of eryslals in assof iatioii with eryslallo- 
i^r;iphy, but also cliart<*d the efiursr* h»r iIk* dev'<‘lopm»‘nt of industry. 

rinis, the selenr:r-s lf»rm«-d ;i rr^utinuoiis ehain from ;.'eol* »r.„^v l»> 

<.»eoc hemist ry, from ^ef k liemist ry to the eliemical sc ienees and to 
physie.s. And the final aim of all these sc lencfs has been not c)nlv the 
[x-rieeticai of the u:itur;d sc iences, but, as I xuiicin(>sov saief, alsc> the 
multiplication of tlic- lu#oc| ihiiir^s «#f life: wliic h man has always strivc'ii 
to prcxhicc*. 

'I lie c real.icai c>| new v^aluabic* substancf s and the- c c>iic|uc'st of raw 
materials lor the: national eec#nc»my fnivc* bec-n the- L;rc*atest and basic* 




slinuili ill nur days. 'I c< hrmloi^y lias c lrActly jnirifd i^rrif lirmistry. 
s(u(lyiii|L» tlir |>n>j><*rli<s cW ort-s and sails, finriiiii; onl llu.: dislributirai 
f>l rar<* trlnncnts in ihcrn jind s(‘*'kiiij* Idr ways oi tlw. last iind Inllrsi 
possihlc utilization of tlu‘ entrails of our <!aitii. 

riic conihination of* < lieinistry, t^er)c}Ktniislry and ter hnoloiry fiad 
niadt* modern devtiopinent of tlur cheanical industry possible. 

\V<* shall not dwell any lon^f‘r on wfiat lierif-fils the df‘\'elf>prnenl 
ol rli<‘rnislry and the eliemiral sr ieiK i s has hrouuht and will yet ia inii 
mankind; we spoke about it in the eha[>tf‘r on the history of tlie atom 
in tlie liistory of rnankind; we sliall come back to this in the folhjwin^ 
chaptc'r, when w’v. try to jiaiiit a [>ietur<‘ of* thf‘ futurf: oi our sf.ic iu <'s 
and ol’ tlieir ac:comj>lishmerits. 

We ar(r now interested in .scjinelhin^ else, namely, what ifie modern 
investi.t»atfir in chemistry, the one who advances science, creates 
scientific laboratoriers and tliiis c:(iiK]uers thcr surrounding worleJ, should 
lie like. 

In the past chc'misls took inclivicJual substances relcments^ from 
rock and studied them in their laboratories and offices outside time 
and space;, outside their relations to nature, 

I'fjday man picture's the world as a comjilex system in which al! 
the individual parts ar<' densely interrelated, where various forces 
collide', combine and struggle with each cither as in an encirmous 
laboratory, where only as a rc'sult of this struggle; of individual atoms 
and of' electric and magnetic fields substances are created in one 
place; and destroyed in another. 

'I’he w'orld is a vast hiboratciry, where all things are cciiiiiected 
with each either like individual gears in a machine. And the mcidern 
cliernisl w’hci has cciirie tci replace the old iaboratciry recluse secs 
each atom in a new light by closely linking its fate with the fates 
of the universe. 'Fhis is why chemistry is now coming so chise to 
gecichernistry. 

'loday a scientist has new objectives: it is not enough fcir him to 
descrilic individual phenomena, .separate facts of surrounding nature 
or observ^e the results of some experiments in his laboratory. He is 
studying substance, i.e., lie must understand hcivv and why it came 
to lie and what will become of it. 

Extensive reasoning of a philosopher about the laws of nature 
will no longer do for him; he must study their eternal course in the 
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plu.‘ii(»nH-ria around ns; hr must discover the ccnnplcx relations 
helween iIh* individual phenomena. 

An invesiioat<.>r must not dispassionately skeieii or j)hf)lo!rrajih 
individual natural jihenomeiia, he must stri\e t(» eoncjiKT and suh- 
ordinat(‘ them to his will. 'I'he new invesiis.;ator must not he an artisan 
in his laboratory, hut a ere.ttor of new ideas horn in the strni^ii^h* at^ainst 
nailin' Ii>r the eoni|uest of ih<‘ world. 

Now the eheniist, like the' astronomer, must foresee' thin<;s: his 
ex])eri('nce is not a series ol st'paralt' aeeidt'iital reaetie>ns in the lest- 
lulx's ol' liis laboratory: his t'xpc'rienec* is horn as the I'ruit ol en-ative' 
thought, seienlilic fantasy, and jnofoimd ((uests. 'I’he modern ('h('inist 
must undi'rsiand that s< ientijie victory is not won all at once*, that 
it !l;t’ow s L;raduall\ by loiii* \ e'rilit ation .md nourishins.; of separate 
idt'as. that it is achieve'd only as a result of continuous (juesls over 
a [leriod soiiH'linu'S of i»en(‘rations ol'scic'nlisis, that it is not infr<*fjuenlly 
the last drop that o\<'rlills the' cuj). 

I'hal is why diseoverie-s in mode'rn science are lre'(|uently made* 
at the same' tiine* in dille'ient counirie's, and the i^reate'st ideas for con- 
que'rini^ tlie world that surnmnds us o<cur almost simultaneously to 
inaiu' seie'niists. 

Success in work dc'pends on the alfdity to ohser\'e‘ and collect facts. 
Jn the field of ^coche rnistry this is one' of the most important j)re>h- 
lems. \V(' must confc'ss that in the-ir I'ascinalion with a llu'ory and 
soiiK'time's with loi^ically harmonious L'cnerali/.aiions invest i<^a tors 
cease to ohs('r\e and do not see that whic h is unclear, whic h dex's not 
airree with their former conce’pliems and which is the* ke*y to nc-w dis- 
ro\'c*rics. The ability to se'iise what is ne w and to re ject in L'-oexl time 
the old, customary hy|)«)theses, is a c|ualiiy indis))e'nsahle to a real 
.scientist. 

What if many pc' 0 |)le think that it is an accicit'nt that is responsible 
for a disce)verv, that Rc>cnts^en accidc-ntallv ne)ticcTi the ae lion of X-rays 
on a himine'sc'<*nt screc'n, and that the inve'slit'alor has accidentally 
discove-rc-d vast accumulations of man|i^anesc‘ carbonate in far-oif 
Siberia! Ihis ae:eiclerit, however, is always nothiriL* but the* subtlest 
ability to se'tise' the new. 

I’o think of the number e>l’iiivestii^ateirs whci lor a perie)d ejf many 
years j)assed lu'ar while reirks cc)nsiderin»( tliean sinijilc' lirnc'stones, 
tested ihe'in with fivdrejehlorie arid, eeinvincc'd the'mse'Ivc's that they 
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hissed and went away! But they should have noticed that in some 
places in fissures and on the surface, these white rocks were covered 
by a black crust, that this crust was not something alien and that it 
seemed to be born of the white stone. It is thus the largest manganese 
deposits were discovered in Siberia. And it was no accident that dis¬ 
covered them; it was profound and consistent observation and the 
knowledge of facts that led to this discewery. 

There is one more aspect in this ability to observe which was so 
reinarkal>lv noticed l)y Lomonosov. He said that observation should 
give rise to a theory and that the theory should correct the observation; 
he was perfectly right, because every subtle and skilful observation is 
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lH>rii of a theory, aiul eac h ilu'ory makes sense' only wfien it is hasc'cl 
on an t*normous ninnher of ac'cairaleK ol>si‘r\'C‘cl and prc'eiseK di'sc rihc-cl 
I'acis. 

What must a real getnlu'inisi lu* like*, tlu'n;* 

lie must he pnrposet'iil: h<* nenst pursue a deTmiU' aim iin\\a\'«‘r- 
ini;l\ : he nmst In* a lhou,&;htrnl t»l)ser\'c'r: he* must have* a li\'t*ly 
\'ounL: iinai;inatit>n: lit' must hax t* the youth of mind and soul 

which art' not dt'lt'iinined by at;<', hut hy iht' sensili\it\ t>l' his 
\*ei\ nature'. He* must posst'ss ent»rmi>us patitaiet', nit'ttit* and 
indusirx and, ahoxc' all, the ahiliix to sc'e a ihiiii;’ iliroui;!! to 

the end. 

It is not without ivason that Bc'ujamin I'ranklin, tine of the nmst 
])roinint'nt scientists, said lliat s^t'uius was the eapaeity Itir t'lidless 

xx'c^rk. 

Ihit a sc'ientist must ;it the' saint' tinu' ha\'<' etimmon sense and 

seientifie fantasy, l ie must have' I'aith in liis work and in his tiiouLtht ; 
he must hc' c'oiixiiiec'd ol the' c't>rrc*c'tness c»f his tliou^ht, ht' htild in 
deft'udiiiir it; he must ht' enthusiastie about his work and love it. 
laithusiasm in work is one ol' the* most important rc't(uisiies I'or 
vietoiA, 'riu' artisans in scienec' have* nt'vei’ made a sinL;le important 
diseox ery. 

Without enthusiasm it is impossible tt) eonc|ut'r iht' world, and this 
enthusiasm is hoi'ii not so much tif tht' laseination of ert'ativoness itsell', 
as of tht' understancVmi* of the role' and of the responsible' task whieh 
man discharge's in his creative endeax'ours. 

I'asc'iiiation with the idt'a of raisini; the livini^ standards, ft'rvc'iit 
de-sire to subdue life's siiiistc'r J'orces, the stri\inLt to build a new and 
bt'tier world and it> i;i\ t' it new resources and oppt>rlunities for maslc'rini^ 
all the ac'cumulalt'd knowh'd^^e is the aim of life* of the nt'w man in 
tht' ru'w, frc'c' e'ountry. 

And it is only thus that the w<»rld can bt' e't>iitpie'rc*cl. 

In his autol)ios;raphy CHiarles Darwin said: . my sut'ce-ss as a 

man of scie-nce*, whaie'vt-r this may have* amt* ■nit'd to, has bc'c'ii dt'lc'r- 
minc'cl. as far as I can jnclttc', b\- compic'x and diversifie'd mc'iital quali- 
lic's and condiiic»ns. Of thc-se', the most iin]H>rtant have bet'n the: 
love* of' science unbouneic'd patience* in lonj:; reflc-ctint*- over any stili- 
jc'C't industry in obsc*rvint^ and collcc'tin|L; fac ts and a fair share' of 
invt'ntion ;is wt'll as of c'ommon-sc'nsc'.” 



Tlu'sr arc tlic traits \vc now want to see in the geoeheinist. I'hey 
are iK)t horn in man all at once; they are trained hy persistent work; 
tlu'v do not come into the world with the individual, hut are educated 
and developed i]i cr(*ative life. 

'rh<‘ greatest eon(|uesls ol eheiniral tho\»tj;ht j)ass heloix* our eyes 
and thousands of examj)les show us how nature is vaiu|uished hy the 
enthusiasts of science. 



FANTASTIC TRIP THROUGH MENDELEYEV’S 
PERIODIC TABLE 


‘AVhat do you propf>se to exhibit as the most remarkable achieve¬ 
ment of Russian science?” I was asked by one of the organizers of 
the All-Union Exhibition of Science and Engineering, to be held in 
Moscow a few' years later. 

“We must exhibit something the like of which cannot be found 
anywhere else in the wwld and which would show the glory and power 
of Soviet science in its gradual development since Lomonosov to our 
time.” 

We were carried away by this idea; w'e talked to chemists and geolo¬ 
gists and submitted our propo.saL At first it appeared too grand and 
fantastic, but later our critics agreed with us; the idea fascinated them 
and they began to develop it together with us. 

♦ ♦ 

Imagine a building in the form of an enormous cone or pyramid 
of chromium-plated steel 20 to 25 metres high, approximately like 
our five- or six-storey houses. A grand spiral squared into boxes 
runs around the cone; the boxes are arranged as in Mendeleyev’s 
system to form long scries and vertical groups. Each box is a 
small room and is occupied by an individual clement, thousands 
of spectators descend the spiral examining in each box the fate 
of an individual element in the manner they would examine a beast 
in a cage of the Zoo. 

To rise to the lop of the enormous cone of Mendeleyev’s Periodic 
Table you enter the “elementarium” on the ground. At first almost 
complete darkrie.ss envelops you and only separate red longues begin. 
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as it vvtrrc, to lick your feet and you are gradually surrounded by a 
seething mass of a boiling fiery melt. You find yourself in the glazed 
cabin of a large lift, 'rhe molten ocean of the earth’s interior is all 
around you. The cabin slowly rises amid the tongues cjf fire and the 
streams of molten masses. 

'The first points of hardened crystallized substances of the magma 
make their appearances. They are still floating in the melt, are rushing 
about in masses and are gradually accumulated in separate sections 
in the form of glittering sparklets, of hardening rocks. 

Now the cabin has already touched this cooled magma of the interior 
on the right. You see the dark still red-hot basic rock rich in magnesium 
and iron. M’he black spots of chromite merge into bands of chromium 
ores and amid them you see the crystals of platinum and osmiridium, 
these first metals of the earth’s interior, sparkling like stars. 

The cabin is gradually mov'ing past such a dark-green boulder. 
In its long history this boulder broke up many times and was again 
soldered by .some fiery liquid melt. Shiny little crystals of transparent 
Slone glitter amid the dark green crystals. These arc crystals of diamonds 
which were brought out into similar diamond-bearing pipes in South 
Africa. 

You get the impression the cabin is rising faster and faster. You 
leave the dark green rocks of iron and magnesium below. Here con¬ 
tinuous ma.sscs of grey and brown rocks -diorites, syenites and gabbros— 
make their appearance; white veins gleam here and there among 
them, 'rhe caliiii suddenly takes a sharp turn to the right, and runs 
iMt(j molten granite saturated with ga.ses, vapours and rare metals: 
it is all impregnated with a hot fog. You can hardly make out the 
individual solid crystals in the chaos of the molten granite. Oh, the 
t(!mperature here has already reached 800^ G,! 

Hot vapours break out to the surface in stormy streams and with 
explosions. Here you sec a hardening mass of* granite still pierced 
by molten remains of the same granite. These are the famous peg¬ 
matites in which the beautiful crystals of precious stcuies are born; 
these include smoky morions, green l)eryls, blue topazes, rock crystals 
and amethysts. 

And through the fog of the cooling vapours the cabin goes past 
remarkable pictures of pegmatite cavities. Here you see large smoky 
quartzes more than a metre in diarnetre and next to them already 
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fornirtl <'ryslals <»!' irlcls|Kir. Plalcs of iiiira j^row slowly on llirir surfiu c* 
and al)ov<* thrni .L»lfain smoky qnarCzcs. Marvellous rork crystals 
seem to j)icrcc the Ct'ivily with a transparent i'oresf ol' lances. 

'The cabin rises higher. lalac brusht‘s of" arnetliysts env’elo|) it on 
all sidi's. It breaks <»iil ol the pegmatite v<*in and now new jiiclures 
attract your attcMition veins ol various thickness braiuli of!' iu)vv to 
the left and now to the rit»ht: now you see continuous trunks <>l vvhit(‘ 
minerals and glitteriiyi* sulphides and now thin v<*ins hardly visible 
to the e'y(‘ and closely resc*mblini» branclu‘s ol a tree, lailire 
sections of the i^ranite rock are im|)rejL»;nated with l)rown crystals 
ol tinstone and yellow-pink masses of scheelite. "rhe electric lit'iil 
in the cal)in is turned olf. You lind yourseH' in darknc*.ss. 'i'he levers 
of a powt'rful machine are turtH‘d and it bei»ins to emit invisible ultra- 
v'iolet rays; the dark walls are now illumined by n(‘w lights; now with 
the delicate* green of the scheelite* crystals and now with the* ye'llow 
of the calcite grains. 'The* mini*rals sixirkle*, play and glitter with the 
phosphe)ric light and amid th(‘m you see; dark sf)ots e)!' the compounds 
of heavy rrictals. 

Then the light goes on again. 'The cabin k*aves the re)ntact zones 
e)f granites and moves along one of the powerful trunks rising fnmi 
the granite massif. The cabin slows down and ye>u rise along a real 
lode. The cabin now runs into a ermtinuous C|uartz body. Black sharp 
crystals of tungsten ores pierce the Cjuartzes and .several hundr<*d 
metres further up the first glittering sparklets of sttlphides, these 
silvery-yellow crystals of compounds of iron and sulpliur make 
their appearance. These are followed by blinding bright-yellow 
sparkles. 

“Look, there is gold!” one of you exclaims. Thin veins pierce snow- 
white quartzes. The cabin rises several hundred metres more. Instead 
of the gold you now see the glittering steel-grey crystals of galena, 
then the zinc-blende w^hich sparkles like diamond, various sulphide 
ores, shot with the colours of all metals, the ores of lead, silver, cobalt 
and nickel. Higher up the veins grow lighter. The cabin now moves 
through soft limespar pierced by needles of silvery stibnite and some¬ 
times fjy blood-red crystals of cinnabar. Fartlicr on you sec the con¬ 
tinuous yellow and red masses of arsenic compounds. The cabin makes 
its way with increasing ease; hot vapours and then hot solutions have 
long since replaced the hot melts. 
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'I’lir ciihin is now showered by hot iniiK'ral springs, rh(‘y seelln* 
and boil with tin* bnl>l>h‘s ol'earbon dioxide and niak<‘ theii' wav ihron^h 
lh<‘ secliiiK-nlary rocks whi<J» sliackh* tin* c'artlTs criist. ^'on srr them 
c«»rrodinjL^ the walls ol* limestones, depr>sitin,i^ /.ine and lead ores in 
them. 'The hot mineral sprini^s <arry the* cabin higher and higher 
and lu'antiinl IIiik* stahutiles ham^ iroiii tlu* walls around \(>u; th(‘s<‘ 
an- now slalacti(<‘s ol brown ara,t»<)nit<‘ (darlsbad stone) and now 
beaiiiiinl sediiiH-nls ol pailif <.‘loured marble* onyx. 

Hut the- paths ol the- hot sprini^s brane h out and thin streams break 
threiueji to the- e arth’s surliiee-, thus e re-alini; ijje'y.se rs and mine ral wate*rs. 
()ur e abin is now im»vin!_^ threxii^h se'elime ntary reje ks; it is e uttin.i* 
thre>uL*h lave*rs ol'eoai and ruimini; inle> strata ol Pe*rmian salts; pit- 
lures ol’ the- elistant |)asl i»l tlie* <-arth’s surlaee* open the-msi-lves bcloi'e 
your e-yes. Ne)W he-avy liephel elre>ps fall and obse ure- the- j^la.ss walls 
of the- cabin. This is e»il and \arious bitume-iis in the- satids ol the- se-di- 
me*nlary re»e ks. 'The- e abin t uts thremi^h .separate liori/.ons. 

Unelt-ri;rountl wate-rs shower the- walls eif the- eabin a.i»ain: it is nov^■ 
passin.Li lhre)u.t'h a contimums wall of hard sanelslone-s; soil lime-stones 
anti argillaceous slates siirrounel the eabin tints showing you the- varie- 
IHated patte-rn etl' the- past lates t)!’ the earth. 'I’he- eabin ceunes eve-r 
e lose-r te> the- surDiee* ejl' the- e-ardi. One- more- rush in its rapid motion 
and the eabin ste>ps. 

A bri.i^ht Maine rises to ine-et you anel sne>vv-whilt- clouds of water 
vape>urs eif ma.nic fetrin cover the* sky. 

^^IU have- eeinie- let the- te»p ol Me‘nde*le-ye'v\s Pe*riodi<' Table-. Ue-letre 
yt)ur very e-yes hyelrit^eii is burnini; intei elenids e>l water vape)urs. 

♦ ♦ ♦ 

Ye>u are- e»n the tetp platibrm eif Mendele-Nt-v’s table. A sleep spiral 
leatls yt»u jL^raehially tleiwnw'artls. ^’enl hold e»n It) the baniste-r etf chret- 
niiuni-plated ste-e-l and be-i.!;in yetur ele-se-ent. 

Mere* is the first beix. Inscribe-el e»n it in lari^e- lette-rs is the- we>rtl 
“Me*Iium.” It. is a rare ne>ble- i;as, first di.se'e»vere-d in the- sun, a ji^as 
that impre*^nate*s the- e-nlire- e-artli, the- ste>ne-s, the- wale-rs and the* air. 
I le-liuni is an e>mnipre-se-nt i^as and w'e* .sc-arc h feir it in e>rde-r tei fill our 
eliri^ibie-s. I fe-re- in this small roeiiii de*ve»te*d le> lu-liiiin you .sc-e* its i*ntire* 
hisleiry freun the- bright ^re-e-n line-s e»f ilii- solar eetrema, te» the blae k 



unassuming cleveile, the stone I'rom llie Scandinavian veins fnjm 
which helium, the gas of the sun, can be extracted with a pump. 

You lean carefully over the lianister and see five more boxes under 
that of helium. The names of other noble gases -neon, argon, krypton, 
xenon and radon, the radium emanation -are inscribed in them in 
fiery letters. 

fhe spectral lines of the noble gases are suddenly turned on and 
everything is illumined by bright colours. The orange and red shades 
of neon are followed by the bluish tints of argon. Long trc‘mbling 
baruis of bluish heavy gases complete the picture, w^hich is very familiar 
to us by the luminescent shop advertisements in the city. 

A light goes on again and you sec the box of lithium. It is the 
lightest alkali metal. You see its entire history all the w^ay to the 
aircraft of the future. You lean over again and again you see the 
luminous letters of its analogues: the yellow colour of sodium, the 
violet of potassium, the red shades of the signs indicating rubidium 
and the blue colour of* cesium. 

Thus, gradually, step by step, clement after element you make' 
the rounds of the great Mendeleyev Periodic Table down the spiral, 
and all we have told you about in the pages ol' this book, the entire 
history of the individual chemical elements is shown here in vivid, 
real specimens, in the very history of each element rather than in 
sejjaralc words or pictures. 

Can you think of anything more fabulous than the box of carbon, 
the basis of life and of the entire world? The entire history c^f the develop¬ 
ment of living substance passes here before your very eyes as well 
as the entire history of the death of tliis substance w'hen life buried 
in the interior of the earth is transformed into coal and living pro¬ 
toplasm into liquid oil. And in the remarkable picture of the complex 
world of the hundreds of thousands of chemical compounds of carbon 
your attention is attracted by its beginning and its end. 

Here is an enormous diam<3nd crystal. N«), this is not the famous 
“Cullinan” cut into pieces for the Lnglish king: it is the “Orlov.” 
It is set in a golden cane, the sceptre of the Russian tsars. 

At the end of the .same room you come upon a layer of coal. A 
miner’s pick cuts into the coal and pieces of this plain-looking 
stone are triinspcjrted by a Icjiig Cfjiiveyer to the surface. This is 
the industry’s .staflT of life. 




Then you go two more! turns down the spiral and Indore )'ou is 
a room with bright colours: yellow, green and red stones sparkle irid(‘S- 
ceiitly. Here you have the mines of Central Africa and there the dark 
caves of Asia. 'I'he film turns slowly, presents piclun's of individual 
mines and sh(jws the origin of metals. This is vanadium, named after 
the legendary old Slavic goddess, because of the fabulous strength 
it imparts to iron and steel by making them hard and durable, viscous, 
resilient and indestructible—the cpialities so e.ssential to the auto¬ 
mobile axle. In the same room you see axles made of vanadium steel 
alter millions ol’ kilometres f>f service; near-by you oVxscrve broken 
axles made of ordinary* steel vvliich had ru>t lasted even 10,000 kilo¬ 
metres. 

You make a few more turns down the spiral. Pictures follow each 
other. Now you see iron —the basis of the world and of the iron industry, 
now omnipre.sent iodine fills the space with its atom, now strontium 
glittering in the red Hares, and now the shiny metal gallium which 
melts in the hands of man. 

Oh, how beautiful the room of gold is. It glitters with thousands 
of lights. Here is gold in white cpiartz veins and here is the silvery^ 
almost green gold of the Transbaikal mines; there y^ou observe a golden 
str(‘amlet in a small model of the Leninogorsk concentration mill in 
the Altai; here you see an iridescent gold .solution, and here is finally 
the gold in the history of man and his culture. It is the metal of wealth 
and crime, the metal of war, plunder and violence. The vaults of the 
state hanks with gold bullion pass before your eyes in viv.id colours: 
you see depressing pictures of slave labour in the famous Witwatersrand 
mines and of tin* hankers who shape the fates of stock companies and 
the value of currency. 

Only* one more step and y^ou an; in a room of another metal—liquid 
mercury. As at the famous Paris exhibition of 1937 there is a fountain 
in the middle of the room, l)ut it is one of licpiid silver mercury rather 
than of water. In the right corner you .sec a small steam engine heating 
time with its pistons and w’orking on mercury’ gas, while on the lelt 
you observe the entire history this volatile metal, its dispersion 
in the earth’s crust, the hlood-red drops of cinnabar in the sandstones 
of Donets Basin and the licpiid drops of inc*rcury' in the Spanish mines. 

But you go on. Bey’ond the boxes of lead and bismuth y*ou run 
into some incomprehensible picture. The elements and the boxes 



aiv .ill inixrd up. ^’o^l lu) loiii»tT liiul ;ui\ ilatily or tlisiiiu'lufss in 
llu* srparali* s(|iiarrs. N t>ii liavr niti-ml a splirrr of sprrial atoms ol 
llir Mc’iiflrlc'xi'v sNslc-m. ^’^ul liiul iio mon* clur.il)iiit\' or slahilily in 
tlic’ ramiliar nu'tals. Soiiirlliiiisji xai^iu* .iiul nrw appr.irs hcloro you; 
hut i1k‘u llu' lifts aiul y<»u st*t* a fahuloiis j>i( turo. 

rhr atoms of uranium .iiul thorium do ni>t slay in llu‘lr placi's. 
riu*\ rmil lays of soiiu* kind and jL;i\ r rise- t(» tiu* Lilohular atoms <»1 
lu'lium. ( )ur atoms lra\ r tlu*ir liahitu.d boxes. I lore tlu*\ jump into the 
s<piar<* oe< upie<l hy railium, slied a mysti-rii>us li,nht, are transfoinieil. 
as in a fairy-lal<*, into an iiuisihU* i;as talleil radon, then run haek 
ai'ain through Mendele\e\'s Periodic' lahle .ind dii' before Nour 
c-yes in the ho.x heloiu^iiii* to U*ad. 

Iiul lure is another and mon‘ lVii»htful pietun* that rejilaees the 
first oiU‘; some* \'ery ra[>idl\ Ilyin*;' atoms strike* uranium, hi'i'ak it 
iiitei pi<‘i es with a i;r<*at noise and the atom of uranium breaks uj> 
emittiui; brilliant rays; somewhere* hii;h in our spiral vou see it Ihish 
in tlu* box ol' tlu* rare earths and llu*n it inns down llu* spiial ajuain, 
stops in separate* boxe*s ol ali<*n nu*t;ds and i;raeluall\ die*s somewhe*n* 
iu*ar platinum. 

What has ha])pe*tu'd to our atoms:* I lave'u't tlu‘y \ iolate*d our laws:* 
Mave'irt the\' shake n our e'onvii‘tit>n that «‘ae h atom is an invariable 
and eonstaut natural brick, that nothiiii; can change or transform 
it, that strontium \\ill always re'iiiaiii strontium .inel an atom of /iiie* 
will always be* an atom of /.iiic:* 

Veui are* te'iribU elisappointeel. I)i*spit(* all we have* saiel, the atom 
pro\'<*el unstable*. \ <ui have- e'iile*re*d some* ne*w worlel whe*rc* tlu* atom 
turns out to be* inceuistaiit. where* it eaii be* broke*n up, not de'stre>ye*el 
but chau,i;<‘el into aiu»tlu*r one*. 

And throui;h the* foi* ol tlu* <*iul ol Me*ndele*\ e v's table*, amid the* 
jL;litte*rinL; sparks of the flying ateuiis of he lium and tlu* X-rays you 
elc*se*e*nd to the* last ste-ps o( the* spiral into unknown ele*pths. 

Now you are* not de*sce-iuliiii; inle» llu* inte*rior of tlu* c'arth, but into 
that ol the* burnini;^ stars sliiniii!^ in the* sk\ . ^’eui are* t;oin|L; to whe*re* 
the* te*mpe*rature*s are* me'asiire*d by hmulrvds e>f inillions eif ele*)L^re*e*s, 
whe*re* the* pre’ssiire* e amuit be* e*xpre*s.se*el in any value's eif our atmos- 
plie*re-s, whe*re* llu* ale>ins e>l Me*iule*le‘ye*\'s Pe*rie>elie' I’able* sparkle* aiul 
bre*ak up in furious chaexs. 

J>oe‘s this mean, the-ii, that all we* lia\'e‘ saiel is wroiii;:* Is it at all 



possible' thill I he iililK'inists were* ri^hl wlu'ii ihi'V Wiinte'il to ehiinne 
nu'iiury to Were ihey iii;hl iti tiyiiij; lo creiite silver iVoin iirseihi 

iiiul the “philosopher’s stone":* Does it ineiin that ihe elreinmrs in 
seienee* were riL’lit wlien lhe\ siiiel as liir baek ;is loo yeiirs a^o that 
the atoms were ehimi;inj; into one another, that in the* eeanple x n\ oriels 
inaeee-ssible' to ns llu*y were born I’rom e*;u“h othe-r.* 

Meiulele’yex's l*e*rioilie' 'Table* is not at ;ill a dead t;d>le‘, ine'rely niiiele 
up ol be»xe*s. It is not eaily a pietiire* of the* prc*sent, but also one 
the* past iind ol the future*; it is ii pie ture eil* the* niysle*rie)us jiroee'sses ol 
the* unixe-rse* in which iitoins iire* triinsieirme'd intei e>ne* ime>tlu‘r. It is the* 
picture* of the* struijfj^le* for exisu*iu e* thiit pre'Viiils in the worlel <»f iitoms. 

\le*nde*le*ye‘\'s Te*riodic 'I'idile* is a table* e»f the* hisle)ry iintl the* life* 
of the* unive rse*, The iileim itse*lf is ;i pie'e'e* e>f the unive*rse, constantly 
e hani^ini; its ])laee in the (e)m])lex se'rie*s. i»renips ;uul boxes e)f the* 
t;d)le*. 

Wm hiue* e eiiiie* tei the ine>st re*ni;irk;ible picture* e>f the* suri'ouiidini; 
we»rld. 





FIJTIJRK ('ONQUESTS 


'rhr Stormy dev<*lr>|>mem of physics iuui chemistry in our days is 
only the threshold to the upsurge ever more clearly outlined in science, 
industry and c'conomy. I believe the as^e of chemistry is coming; the 
age in which the genius of man will not only subjugaiC all the chemical 
elements, but will also awaken all the forces of the atom and utilize 
the immense reserves of energy concealed in each molecule, atom 
and ele‘ctric particle. What if the following pages a[)pear somewliat 
fantastic? The fantasy of today is very often transformed into the 
engineering of tomorrow. 

Hav^en’t Jules \*erne's Ihritasic s, which still fascinate us, l)een trans- 
f(jrmed into reality ol today! We find an even greater scope of fantastic 
thought in our remarkable Russian scientist K. Tsiolkovsky and though 
only some thirty years hav'e elapsed since* his daring predictions, much 
of what he wrote then has already come true. We must, therefore, never 
fear scientific fanta.sy nor take it as something already existing; we 
must fight for it because fantasy is one of the methods of scientific 
work. 

It was not without reason that Lenin said that fantasy was a quality 
of the. highest value, that it was w'rong to think that only poets needed 
it, that it was also necessary in mathematics because c\xn the discovery 
of differential and integral calculus would have been impossible without 
fantasy. 

Let us day-drearn together about what our engineering w’ill be 
like in the heyday of the chemical sciences. 

In the first place, we will conquer the air, not only becau.se planes 
and rockets will rise above the clouds, to an altitude of 50 to 100 kilo- 



metres and will fly at speeds exceeding the velocity of sound, but also 
because* chemistry will master the air and will sul^ordinate it to the 
power of man. 

At large plants scattered throughout the world, helium will be 
extracted from the air, the air will be divided into oxygen and nitrogen 
and whole rivers of liquid oxygen will flow* along artificially cooled 
pipes to large iron and steel mills, where the smelting oi'metal in l>last- 
flirnaces will bect)me as simple as evaporation of w’ater in a laboratory 
test-tube*. 

Similar plants will produce pure nitrogen transformed l)y pow'(*rful 
electric discharges into nitric acid. Life-giving nitrogen *vill be used 
as fertilizer for our fields on a very large scale and will double and 
treble their crojis. Other pipes of the .same installations f>f the air industry 
w ill carry streams ol‘noble gases liquid neon, krypton and xenon—to 
electric bulb-manufacturing plants. 

But even more wtinderful w'ill be the victory over the layers of ozone 
w'hich are formed under the influence of the ultra-violet rays of the \ 
sun at altitudes of hundreds of kilometres. 

We know' that these lay<*rs of' ozone envelop the earth, as it were, 
by a continuous blanket, repelling radio waves and blocking the 
vivifying action of th<* ultra-violet rays. 

Now, imagine this laniastic |>icture: enormous electrified columns 
of'ammoniac (compounds rise to a height of several hundred kilonietr(*s, 
i.e., to the famous f)zone layer; the ozone breaks up, free windows 
arc formed in it and through them the sun sends powerful streams 
ol’ ultra-violet electromagnetic waves. In .some places they destroy 
life, in others they impart a mighty force to it and serve as the source* 
of' new, life-giving energy. 

But the conquest of the earth’s interior seems even more fantastic. 

The ocean of magma boiling under our feet, the colossal amounts 
of heat concealed in the earth’s entrails will all come* w-ithin the reach 
of man. 

By special mains running to a depth of 20 to ‘^50 kilometres man 
will reach the layers heated to 500 and even i,ooo‘’ C.; he will utilize 
the heat of the earth’s interior in his thermal stations; he will stop 
destroying forests and will cease u.selessly burning coal which is so 
necessary for chemical processes; he will no longer spend oil for ther¬ 
mal insiallations. 
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Millions ol riil(»ri(*.s will comi* to thr <*arlirs surlarc aloiii; thcM* 
j)i|)rs. riicy will Inal man's houses, larlories arnl ( iiiire re.i»ions with 
thrii hru breath; they will inc'lt th(! ice of the polar <oimiries and will 
t hani^c' tlie c limate. Powerlul rel’rii^cTatcas sc atte red ihnni^hont thc‘ 
df'serts will translbrin ihc-m into llonrishint* oa.ses. 

Ihit e ven this will not be c'lioiii*!! for man. Man will not be* eem- 
i«*nt with the heat that will spread alonjj[ the* entire siirlaee ol 
the earth at his crommand and will remove the defc'cts of the- sun; he 
A\i!l brim* to the suilac-e the wealth c<inc'eah*d in the intc-iior ol 
the c*arlh. 

A nc*v\' stajL>e. in tire siruj^j»ie lor inasti-rint» the interior of the earth 
is already bei^innini* in the Soviet Union in keepint; with Mend<‘- 
leyc-v’s brilliant prc'dic tions. 

In the* c'artli's entrails inacec'ssibic* to minint> man is now' bnrninir 
coal, and the products of combustion rise aloni; |)i|)c-s to the suiTace 
and are utili/ed by industry. 'This does not n‘cpiire c‘ilhcT minc-.s or 
the hard work ol drillc-rs, hewc-i*s and whcH-Icas; automation, mc'chani- 
/ation and r'ernote control make it possible^ to ntili/.c* the* coal r(‘serves 
wiihont j^ciini^ dow'n into the mine's. 

Man is alrc-ady extrac'tini» sulphur Irom dc-ep imdc ri^round dc'posits. 
Steam melts the sul))hur in the' interior ol tire earth, and its lic|ind 
stre ams pour out to the e'arth's surlace*; now if we* pump steam he*ate'cl 
to 'jOei or (><»o (!. into ve ins, into conce ntrations ol heavy metal sul¬ 

phides, the' pijxs made of a ne w* stable' mate rial will biint* us the* sul¬ 
phide's e»r silve-r, le-ad and zinc, rather than mere' sulphur. 

He^we-rlul laye'rs <>1 slate's will be* burnt in the' inte*rior e>l the* e'arlh 
and will yie*ld uselul i^a.ses to the- surtace-. Salts will be* dissolve'cl 
and brouj^ht to the' earth's surliuc! in the' leuni e)!' .solutions. Strom; 
acid solutions will dissolve- natural substances and j^ive* us salts lor the- 
ele*ctre)|ytic: jilants. All eif our rarth will be- pic're:e'd by millions of sle*el 
pipe's w'hie h w'ill be- e'Xti*ae:tim* the- substance-s re'cpiire'd by man Irom 
various de-pths. 

riie victory' oveTiiiiatte-r will be- e ve-n meue* de-e isive* vvhc'ii che'inistry 
h'arns to eolle-ct the elispe'i'sed atoms e»r iiraniutu and to uiilize* the-ir 


e'ne*ri»y. 

IMiysicisls now te ll us that the- vvorlel i*t*se-ives of uraniuin c'lie'i.t'y 
are' tremendous. By ie-arnim; to split tlii'se* elisinte'u;ratin,i; uranium 
atejins, man will build new eni»iiie's which will sc'ive llaw'lessly and 





will run for thoiisaiKis of years on end Idrniint^ a soiirr c- of fabulf>u5; 
energy which will drive planes an<l ships alike*. 

'I’he entire c-nergy of the* wejrld will Ijet jjlaceel at the service man 
in nc!w chemical installations. "I’he rays e>f the! sun falling sri use:h*ssl\ 
em the* e arth’s surl'acf; will he* caught up by e*rie>rrnous rnirre>rs and vvill 
be transformcfl intej heat. Solar kitchens in CalifVjrnia anrl in the- 
U.S.S.R., the first (*xp(*ri!n<‘nts in harnf!ssing the (tne rgy of the sun. 
will beceiine ev(*ryday practice. 

'I'her senirces of' tlie wliile* and blur* c:f>al will be* fully utilized; their 
erK*rgy will b<! caught by ene>rirK>us statif>ns ale>ng all sea ce>asts aneJ 
river-banks. Man will be-c.ome* master of' sucfi e‘iif>rme>us <|uaniities 
ejf' energy, that he* will be* able* to pe.!rre>rrn real miracle*s. 

And then man will masletr sj)ace\ elistancer and time*. Spee-ds of se*v'eral 
lhe>usands e>r kile>nietre*s jjcr he)ur will be*ce>me* thcr usual thing; the: dis¬ 
tance's lK'twe*en citie's and other Cf:ntre*s of habitatie}n will be* r(‘duce*d 
to a minimum and will e*easer tei divide* pe/ejple. New re>rms of life and 
a new .social organization e>f the* we>rlel will erase all earthly benindarievs. 
M'he* life ejf man will berce>me the main eil)je*ctive of creative .scientific 
cndeave>ur. Man will le arn lej split ate>ms by fine methe>ds; by means 
e>f' radiejactiver rays and emanations f’rf>m cnormejus cycle>tre>ns man will 
be able te) de» anything he likes w'ith thcatcjms; he: will be able to break 
them up inte> separate j)ie:ce!s, transfejrm the heavy atejms inte> light 
ernes and, cemtrariwi.se:, the* light atejms inlrj heavy onc*s. 

By artificially prenlucing variejus types of atejms, man will learn 
tej utilize them. Man will be able tr> intrcjducc the atejins which live: 
only a secejnd or a ininuic intej the ejrganism as new remedies to fight 
viru.se.:s and pathcjgenic bacteria. He* will maste:r the living cell by 
cfjntrolling it with the aid e>f the new chemistry. But fejr his pejwerful 
chemical processes he will alscj be able tej utilize micrej-ejrganisrns. 
Man already grows many cjf the u.seful bacteria he needs in ge*latine 
cejiitained in .small test-tubes at institutes of microbiolejgy. 

He will be able to produce them in immense quantities and to strew 
them tjver his fields. The bacteria w’ill give the fields fertilizer—nitric 
acid—and by decomposing gypsum w^ill extract sulphur. Man will 
transform bacteria into a vital force, into a powerful chemical agent 
and by using them, he will learn to extract the metals dispersed in 
the seas as it is done by the individual small acantharia w’ho absorb 
strontium from marine .solutions. 
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In his struggle for the earth’s interior man will make use of the 
entire mass of rocks. There will be no waste products, no unused tail¬ 
ings. Everything will serve industry; all of Mendeleyev’s Periodic 
Table will be utilized, and the most widespread elements—silicon 
and aluminium—will become the basis of life. 

The name "‘super-rare” substances will no longer make any sense. 
These substances will form part of our everv'day life. With their aid 
we shall develop TV screens and from our own rooms we shall be 
able to talk to distant audiences which we shall sec on the screen w'ith 
our own eyes. The rarest elements will serve for chemical reactions 
which at large chemical plants will be able to transform substances 
into products required for life. 

Organic chemistry is becoming very important. Instead of the 
hundreds of thousands of carbon compounds known toda\% man will 
produce millions of new structures w^hen he learns to use in his new 
installations low temperatures close to absolute zero, as well as tem¬ 
peratures of millions of degrees and pressures of hundreds of thousands 
of atmospheres. 
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'rhis will be a new chemistry of carbon. This will not only be the 
plastics from which we can manufacture anything from buttons to 
lightweight planes, not only synthetic ru])ber w'hich is beginning suc¬ 
cessfully to replace natural rubber, not only the remarkable dyes 
which have rendered the plantations of indigo unnecessar\'; no, these 
will be entirely new substances, very close to the real organic mole¬ 
cule, to protoplasm, to protein.. . . These will be artificial nutritive 
substances w^hich will do away with the superfluous complex chemical 
laboratories in the organisms of animals. 

The new synthetic chemistry will also be able to utilize other elements 
in order to build the same complex compounds that organic chemistry 
has been able to construct from carbon, oxygen and hydrogen. I can al¬ 
ready imagine the new molecules of silicon, germanium, l>oron and nitro¬ 
gen in the remarkable compounds which the chemists have been able 
to produce in recent years by l)uilding the benzene ring not frenn carbon 

or hydrogen, but fr<»m two other elements of the earth.-nitrf)gen and 

boron. 

Hut Ibr chemistry to master the wwld requires enormous scientific 
w'ork: it needs pow'erful and numerous scientific institutes with perfect 
installations of high pressures and temperatures which must merge 
with the laboratories of factories. 

And here in these new i)alaces of science victory shall be won by 
new' and daring men armed with bold scientific fantasy and Imniing 
with a fire of new' quests. 

This is how I picture to myself the future in the light of today. But 1 
took the colours for my picture from nature that surrounds us and 
from our knowledge. The pictures of the distant future W'ill be even 
more majestic, but to paint them we now lack words, colours and 
images.. . . 

The aim of our stormy quests is the happiness of humanity. The 
new life w'ill be born as a result of victory' over nature and over the 
inertness of' man himself. 

Man has a hard and stubborn struggle ahead of him, but the mile¬ 
stone's of* the future have already been placed and the objectives outlined, 
'rhe struggle for nature, for the mastery of her forces, for the trans¬ 
formation of all that is useless into useful things w'ill be one of the 
powerful levers in tlie creation of a new life. 




END OF BOOK 


\\V havr roiiu* to ilu* end of the luiok. \'oii and I luid to change* 
into snial! \vandi*riiiL( at<»ms in order to run tliroiii»h the coinplt‘x 
paths of niii^rations of the* elements, to look into the interior o(* llu* 
earth and even at the hot eelcstial bodies, to see the behaviour ol* variiMis 
atoms in the universe and in the hands of man, and to lind out what 
they do in industry and in agriculture. 

The atoms trav^el a long %vay in their liisiory and wc* do nf>i know 
cither its beginning i>r its end. 'I’he birth of the atoms and the beginning 
of their migrations on earth are still a inxstt'ry to us. Nor arc their 
future fates, their fates in the etmiplex future of our j>lanet clear 
tr) us. 

We only know that some atoms disappear beyond the limits oi 
the earth and are dispersed in interstellar space where there is no 
more than one negligible aioin per rul)ic metre and wlierc t>nly so 
small a part of space is occupied by them that it would have to be 
exprt*ssed by io'^*\ 

We know that other atoms becfime dispersed in the earth’s crust, 
in its soils, waters and oceans; still others slowly and gradually return 
to its interior, subject to the laws of gravity. 

Some atoms are constant, invariable and as durable as ]Mire, white 
ivory billiard balls; others are, on the contrary, as resilient as rubber 
balls, contract w'hen colliding w'ith each other and interlace in some 
complex structures surrounded l)y electric fields; still others com¬ 
pletely disintegrate, nuclei and all, emitting energy and changing to 
strange gases w'hose lif<*-span is prcci.sely determined by tlic laws of 
disintegration and is measured by" millions of years for .some, yc*ars 
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for others and seconds or even negli.a^ible fractions of a second for 
still others. 

Xhc world artinnd ns is built of about loo chemical elements, l)ut 
what threat multiformity they produce, how the features of these atoms 
vary and how their coml>inations differ! 

Only now are we bef^innin,!^ to read in a new manner these remarkable: 
pages in the history of the earth’s chemical elements. Cieochernistry 
has only just slightly opened the dcxir into a new world of nature; 
hard and persistent work has only just started; the behaviour <if each 
element in the earth’s crust has only begun to be observed, but we 
must already keep a record of the behaviour of each alt)m, tlu>roughly 
examine its characteristic features and learn about its mc'rits ;ind de¬ 
fects; in a word, we must make so detailed and j:>rofi>und a study ol 
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each atom as to be able to trace its fates, i.c., the history of the universe, 
from the separate facts. 

Each link in this historical chain is dependent on the as yet unknown 
properties of the atom, while complex and profound laws govern 
its fates in the cosmos, on earth and in the hands of man alike. 

But it is not out of mere curiosity that we want to trace the paths 
travelled by the atoms: it is m)t only because we want to know 
how they behave on earth; wc must learn to control them in a 
manner required by man for his technical, economic and cultural 
progress. 

Engels said we must study nature in «)rder to resliape it. It is just 
this that ctjiistilutes the big and honourable problem of geochemists. 

Yes, we must master the atoms completeh' and be able to do all 
we want with them, for example, to prorluce super-hard alloys, 
i.c., alloys harder than diamonds; but to do this we must know how 
the atoms arrange themselves in their complex structures. 

We must learn to divine the properties of the compounds of metals; 
we want and must be able not only to try, but to know for sure. 

We must obtain and produce the greatest possible quantities of .such 
atoms as cesium and thallium which easily give off their outer elec¬ 
trons. With these wc want to build the finest T\' sets small enough 
to lit. in a pockc't or in a notebook, and wonderful talking motion- 
picture cameras the size ol’ an ordinary book. 

In a word, wc* want to subjugate the entire atom, tcj subordinate 
it to our will, to the will of victorious man who is transforming all 
the redcjubtable and harmful natural forces into useful ones. We want 
tcj make all nature, the entire Mendeleyev table of elements serve 
the needs of working humanity. 

I’he aforesaid constitutes the purport and aim of geochemical work: 
that is why wc want to understand and secure thc^ atom. 

With these words we arc bringing our long story to an end. 

But, dear friends, can there ever I)c an end to science or to studies? 
Let us be perfectly frank about it. 

Here, at the very end of our book we, essentially, find ourselvci: 
at the very beginning of our knowledge; even if we rc'ad this lH)ok 
several timers, carefully scrutinize all the pictures in it and try to remem¬ 
ber the behaviour of the individual atoms we shall still have to admit 
we are only at the very beginning. 
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We shall have to read and think and work a lot more before we 
get an insight into the mysteries of nature around us. 

To begin with we must study the basic sciences—chemistry, physics, 
mineralogy and geology. We cannot circumvent these sci(*nces and 
in order to become good students of the natural resources wtf must 
thoughtfully reread Ijooks on iFie principles of the chemical and ininer- 
alogical sciences. 

W> must read books carefully, delve thoughtfully into the late of 
each element, study its behaviour in the earth, in water, in the air, 
in industry and in agriculture, and Mendeleyev’s Periodic Table 
will always be our guiding star. Let us look at this table printed in 
this l>ook or, what is even better, draw it on a large she(‘t of paper, 
put a chemical symljol and the atomic weight of a chemical element 
in each box and underneath each element write its content in the 
earth’s crust and hang it in our rooms so that we always have it 
l)efore our eyes. 

Mendeleyev’s Periodic Law will teach us a great deal. 

It will show us how the atoms are related to each other not only 
in the periodic table, but also in nature itself. 
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Not only hooks, maps and tahh^s, how<*vcr, lc*arli us clicniislry 
and i^cochcinistry. W<* can learn about llu* m‘\v id<*as in chemistry 
in inincralot’icai museums when* the exhibits in niim-ralo^y and .m‘ 0 “ 
chemistry in which the* samples are rrequcntly arranged acc<»rdirit>^ 
to sf'parate cln'inical el(‘m(*nts ti'acli us a lot. 

I^ari»e smelters and chemical mills also leach us ch<iiiisiry, 
mineralogy and i><*oloiry. 

Anyone who has visit<*d the* Maijnitoiijorsk Works will for c‘ver 

remembc‘r what happens to iron ore* and how first carbon-rich iron 

and lhc*ii real sle<*l are born in sjxxial shops frciiii a romplc*x c'oni- 

bination of chemical elements proc:essed in blast-rurnacc*s. In Soli¬ 
kamsk we can learn about the chemical and geochemical ratt‘s of 

potassium and magnesium. At the? superphosphate* plants in la*niiijL*rad, 
\'oskrc?sc*nsk (near Moscow), the Urals, the Ukraine and in othc‘r 
plac:c*s we can sec* how apatit<*s and pliosphoritc's arc* translormcd 
by means of sulphuric acid into feriilizc'r lot* our s«>cialist fic*Ids. 

IJy obsc*rviiij[^ the* proc't*ss<*s in 
the* firc-br(*athinir i'urnac*c*s of the 
Uhc’lyabinsk ierro-alloy jilanls \\<* 
shall come* t«i un<l(*rstand how molten 
magma is born in the int<*rior of 
the* earth and how substance is 
c rystalli/.c'd from this inagnia. 

In a word, sc*parat<* pagc*s IVom the* 
history of atoms arc*, continuously 
rc*wrilten at all large* plants; thc*se 
include? the* mixing of' the* atoms 
ol* various mc*tals in compIc'X proc'- 
f*sst*s and the* c*xlraelion ordilTerc*!!! 
substances IVom lhc*in, whic h are 
latc*r blended again in new c'ombi- 
nations witli otlu*r atoms in ordc*r 
to produce* alloyc*d sl<*cls, com- 
plc*x supc*rpliosphatc*s, salts of po¬ 
tassium, manganc*sc‘, v'anadiiim and 
/.irc'oniiiin. 

Industriul proe‘esse*s iimkc* c*vc*r 
more* c*xtc*nsivc* use of chemistry. 
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Geochemist studying rock outcrop—hardened lava stream 


We arc no longer content with grinding a stone intf> a pavement block 
or an arrow-head; we now strive to change it chemically in order 
to get the most valuable quality and combination of various sub¬ 
stances. 

We cast fine blocks f<^r our new, improved pavements; w'e change 
the natural processes and transform natural substances into new 
v^alues. 

Today we are living not only in an epoch of chemical transformations, 
but also in a period of state-planned development of chemical research 
and chemical industry'. 

Chemical processes surround us on all sides and we must keep an 
eye on them and be able to divine them. 

Nature itself, its deposits of metals, salts and ores also teach us 
geochemistry and give us new' ideas in mineralogy. Nowhere will 
the young investigator learn the laws of chemical transformations 
as he will fr<im nature itself, and w'c therefore apf^eal to all of them 
to study the chemical processes of the earth spring and summer, winter 
and autumn 
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By scrutinizing ti)c black clays of the Jurassic deposits near Moscow 
we shall see how in early spring the golden sparklets of pyrile in 
them are absorbed l)y the faded light-green salts of vitriols. We shall 
sec a grand picture of changes and transformations of iron ores in 
Mount Magnitnaya pit where at one time huge formations of 
magnetite on the earth’s surface liegan to change first into brown 
masses of the mineral nontronite and were later covered with brown- 
red and rusty iron oxides. 

Kverywhere, in mines and quarries, on the toj>s of mountain 
ranges and in the deep valleys along rivers, wt see how substance is 
l>cing transformed, how' one mineral changes into another and how 
a new substance is replaced by a still other substance. We must only 
be careful in our observations and we shall soon notice that everything 
changes, sometimes slowly and quietly, sometimes suddenly, subject 
to the great law's of nature. “Everything is fluid,” the ancient Greek 
philosophers said. “Everything changes,” say the geochemists of our 
time. 



SUPPLEMENT 



THE GEOCHEMIST IN THE FIELD 


/ A' T R O 1) V C T I O A 

Xhis chapter consists of two parts. In the first part we set forth a 
number of f>ractical suggestions for the geochemist who is prospecting 
for minerals and is making a geochemical study of some region. The 
second part briefly describes the basic methods in the sequence that 
should be observed by the geochemist in his field work. 

Both the first and second parts are based on principles now closely 
adhered to by prospectors; scientific field work is generally comf 
posed of three parts: the preparatory stage, the investigation itscl- 
and the transport and treatment of the material. 

All these three parts are, no doubt, equally important and each 
of them requires attention and a thoughtful attitude. 
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‘"He who knows a lot and thinks a lot travels well,” said a certain 
traveller and scientist, while another quite rightly added that th<" 
sharpest and the most important instrument an investigator must 
have at his disjjosal is his eye, v\ hich must not let e\'en the most negli¬ 
gible phenomena escape because they not infrequently conceal exten¬ 
sive and important inferences. 


P i R T O V /. 

EQUIPMENT 

The problem of equipment in field work is very important to the 
geochemist because, in addition to the usual geological equipment, 
he will also need a number of other instruments for j^hysical and chemi¬ 
cal research. In this case it is necessary, first of all, to consider the 
means of conv'eyance on hand in the given region and the \\'eight 
and size of the equipment. If a shortage of good equipment is 
sometimes dangerous for an expedition, in a number of cases, on the 
other hand, superfluous equipment is a drawback because it renders 
the movements of the expedition difficult and creates hardships that 
retard it and even prevent it from reaching certain inaccessible 
regions. 

The total equipment of a prospector must primarily include different 
types of hammers. Sedimentary and soft rocks require ti hammer 
which combines the properties of a hammer proper and a light pick; 
its handle must be approximately 40 cm. long and so fixed that its 
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narrow end will fit the hand while the wider end will prevent the 
hammer from coming loose in work. In the regions of hard rocks, 
the prospector should have a heavier hammer (w'eighing i to 2 kg.) 
with a handle about 70 cm. long. Centimetres should be marked on 
the handle in order that the investigator alw^ays have accurate scales 
for measurement at hand. In addition, extensive work requires a 
sledge hammer w^eighing up to five kg. and a small lightweight hammer 
with a short handle of about 20 to 30 cm. for knocking off small pieces 
or for shaping the samples. A set of chisels of various shape and size 
is required in addition to the hammers. The rest of‘ the equipment 
should include a magnijying glass (magnifying no more than eight 
limes), a mountain compass, a tape-rneasuie, a pen-knife, a notebook 
and pencil, specially prepared and numbered labels 6x4 cm. in 
size, a lot of wrapping paper, some small glass jars for collecting valuable 
fragile samples and crystals, and strong boxes of different sizes; for 
dry substances it is important to have a set of small, numbered canvas 
bags. 

In addition to the afore-said equipment, it is necessary to have a 
camera, an aneroid barometer and a set of coloured pencils for making 
geological and geochemical diagrams. 



East Pamirs. Upper reaches of the Lyangar River 
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It is always good to have small bottles with acids ol various con¬ 
centration, good charcoal, |)latinum wire, soda and borax. For work 
of a more |3ermancnt nature this elementary equipment should be 
supplemented by a number of special instruments. 

I'he packing and distribution of the eejuipment is a very serious 
affair. Part of it must be packed in strong, mtasturc-proof bags fit 
for being carried on the back (knapsacks), th(‘ other part must be 
packed in boxes suitable for the methods of transportation planned 
in the given region, and this requires a maximum f>f attention and 
experience to avoid blunders. 


PACKING COLLFCTFI) MATKKIALS 

The question of packing and transporting the collected mineralogical 
materials is very serious and must be given thorough consideration. 

Careful packing and wrapping of each sample in separate paper 
with a label in it forms one of the '‘musts'’ of a good colleclitm. ^'ou 
must make it \our rule never to wrap several samples into one paper. 
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however small they may be; each sample must always be wrapped 
separately. Negligence in packing often destroys well collected materials, 
especially samples of soft minerals. We should, therefore, distinguish 
the delicate and soft samples from the hard ones and pack them sepa¬ 
rately. Each sample must be wrapped in two or three sheets of paper, 
but these sheets must, under no circumstances, be folded together. 
The label for each sample, folded in two, should not be put directly 
on the sample, but rather after the first layer of paper; the labels must 
be inscribed in pencil (but, under no circumstances, in indelible pen¬ 
cil). Brittle and delicate brushes of cr>'stals must first be covered 
by thin cigarette paper and a cotton lampoon and only then wrapped 
in large sheets of paper. 

The materials collected by an expedition must be packed in a series 
of stages, each stage treated very carefully. The first stage is the daily 
collection and transportation of the materials to the camp. I worked 
out this method personally during my fifty years of experience. In 
collecting geochemical and mineralogical material all samples found 
by a certain group of workers must be carried to some definite place 
(near the camp) in much larger quantities than is required. Then, 
at the end of each workday (in the evening) all of the collected material 
is sorted, shaped, the best typical samples are selected and temporarily 
carefully packed in knapsacks. In the permanent camp, the samples 
arc stored in a dependable and dry place and at the end of a certain period 
of work they arc again examined and wrapped in paper for subsequent 
packing in strong boxes with the idea that each box weigh no more 
than 50 kg. Packing into larger boxes is not recommended because 
of the danger of crushing the stones; besides, during transportation 
and reloading very* heavy boxes may easily be damaged. The materials 
should be shipped by the members of the expedition themselves. 
Leaving the samples in care of some of the local inhabitants puts the 
collections in jeopardy and they either get into tlfe hands of the prospec¬ 
tor very late, or not at all. 

Upon arrival of the boxes the materials must be carefully assorted 
and the samples placed together with the labels into corresponding 
boxes, because a confusion of the labels may lead to irreparable damage 
and not infrequently to wrong and dangerous conclusions. 

The first question that arises during a collection is: how much shall 
we take and in what shape? This question is rather hard to answer, 
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and a good collrction of mineralogical material can be ensured only 
by long experience and extensive knowledge of nature. Of course 
the prospector needs at least a modicum of artistic sense in order that 
the picked sample reflect by its form and colours precisely the mineral 
for which it was taken. Some samples must, therefore, never be given 
definite shape, while for others certain sizes (approximately 9 x I 2 
or 6 X 9 cm.) and shapes are desirable. 


COLLECTION OF MATERIALS IN GEOCHEMICAI. PROSPECTING 

Oeochemical prospecting and geochemical metliods of research 
require that special material be collected. Since the subsequent work 
of geocheniLsts is connected with special mineralogical, chemical, 
spectroscopic and X-ray studies, the collection of materials is a 
problem of prime importance and the success of geochemical 
analysis very largely depends on the quality and organization of the 
collection. 

What must a collection of this type yield? 

i) In the first place, a sufficient amount of materials not only for 

optical studies, but also for chemical 
analysis; in some cases detailed 
chemical analysis is preceded by 
concentration of the minerals during 
which the unnecessary admixtures 
are separated. Scores of samples 
of the most typical rocks and 
mineral combinations are, there¬ 
fore, needed. 

2) Mineralogical studies also 
require a collection of separ.tir 
minerals to find out the sequence 
in which minerals are liberated 
and in order that good pure 
samples of the most important 
minerals may be selected for 
analysis. 

3) It is necessary to collect mate¬ 
rials not only for laboratory studies 
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Crystals of black tourmaline 


but also for retaining typical museum 
samples. I’his is important l>oth 
for demonstrative purposes and 
because large typical samples make ! 

it possil)le to compart' these minerals 
with samples of similar minerals, 
but from other depo.sits. 

Comparative analysis is one oj the 
research methods used by naturalists. A 
geochemist must not repeat the 
mistakes of tht* cild mineralogieal 
school; lie must seriously consider 
even the slightest manifestations of 
every cht'inical clement; ev'en the Crystals of gypsum 

thinnest crusts, products of weather¬ 
ing, must be collected as thoroughly as the beautillil ores with good 
crystals. 

As a rule*, prospectors are generally advised to take as much material 
as jjossihle. It is betu^r that they throw out later all that is superfluous 
rather than not collect all of the material required l>y the complex 
of minerals an^l chemical elemems of the region studied. 

In collecting samples one must nevw be sure he will come to the 
.same place again and will collect additional new material. This does 
not always work out, and the collection is frequently incomplete, 
casual and of little value. 


RKCORDIING OBSERVATIONS 

The question of recording observations in field work is very 
important and serious. A certain scientist used to say cpiite justly that 
a traveller and explorer must carry a pencil tied to a siring around 
his neck because the closer you have the pencil w^ithin your reach, 
the more you will write w'ith it. The records must be made by two 
methods. In the first place, it is desirable accurately to inscribe on 
each label enclosed w'ith the sample not only where and when the 
sample was found, but also some data on the conditions under which 
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it was obtained. The more exactly 
the place of the find is indicated, 
the easier it will be subsequently 
to utilize the collected material. 

The main records, howc\'cr, are 
made in the field notebook and 
keeping the book in the best pos¬ 
sible order must be the object oJ'the 
prospcctt>r’s constant concern. The 
succe.ssormany cx})lorations depends 
on how carel'iilly, thoughtfully and 
fully the field journals are kept. 
The ol)servatit>ns must be recorded, 
first of all, at the place of work; 
the records must include all ob¬ 
servations made in the giv’cn place 
and whatever thoughts occurred 
to the prospector at that time. A 
summary of all the material must 
be given at tlic end of the day with 
diaries kept of what was done during that time. Diagrams of the |)laces 
where the work was done and the .se|)a?ale samjdes were taken should 
be made by the prospector in the notebook perst>nally. 

The completeness and accuracy of recortls in the notebook generally 
serve as the l^esl index of the work, and one of the l)lundcrs of field 
workers is excessive reliance on their memory. Data added in the 
field book or on the labels by memory are a very dangerous method 
which not infrequently renders the collection valueless and leads to 
wrong inferences. 

It will be observed that it is very difficult to keep a good field journal. 
Kntrics can usually be made in it only in the evening, at the end of 
a hard day in the field when the prospector is already tired and wants 
to rest. One must frequently force oneself to spend at least fifteen 
minutes on recording the observations made in the field during the 
day. I remcmlicr I also sometimes ncglecitrd my journal because 
1 was too tired. In these cases it is best to lake a day’s rest and 
devote several hours to a calm and business-like correction of the 
journal. 
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Field journals must be kept particularly carefully; they must not 
he relinquished cither during work or after it because they arc the 
basic document which must always be carried along with the other 
most important df)cuments of the expedition. 

After returning from the expedition and sorting out the collections 
we come to the second part of our work, i.e., to summing up the results 
of the field work. 

I believe it is very important and consider a field report in many 
respects more important than the final report, because it usually 
objectively summarizes the direct field observations and is, thus, more 
valuable than a detailed final report which is influenced by the 
literature read, by the opinions of other prospectors and by a numiicr 
of extraneous considerations. 

"fhe report made under the first impressions of the trip is not infre¬ 
quently much more correct and profound from the point of view of 
posing the problems than the later studiously ihouglit-out and elabo¬ 
rated summary. 


P ART TWO 

METHODS AND SEQUENCE OF WORK 


Before leaving for the field tlie geochemist must do some j:)reliminary 
work in addition to preparing his equipment which wc have already 
discussed. This preliminary work consists in the following. 

First of all, he must read the literature on the given region and the 
given problem. If the prospector is searching for a definite chemical 
element he must necessarily study in detail its properties and its com¬ 
pounds. In addition to reading the .available literature the geochemist 
must, in all cases, make a detailed museum study of the samples typical 
of the given region and of the minerals which characterize the element, 
i.e., the oliject of his prospecting. It is particularly important that the 
investigator obtain detailed topographical and geological maps or 
copies of them, in order that he may mark in coloured pencil the route 
he has travelled and the locations of the most interesting minerals 
on these maps. 

Before departing for the expedition, the prospector must necessarily 
make a detailed study of all the methods of field research and know 
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Characteristic relief in Dzhalal Ahad Region, Kirghiz S.S.R. 



precisely not only how to use the instruments tlie geochemist takes 
along, but also how to repair them. 

The second stage of work begins upon the arrival of the prospector 
on location. First of all, he must find out what is known about the 
given region in the local scientific societies, museums, libraries and 
schools. He must collect information among the local population 
about all the places where ore is mined and where then* are natural 
outcrops. In a number of eases it is very imj)ortanl to analyze the geo¬ 
graphical names which, not infrequentl), point at the existence of 
mines or production in the given territory; for c'xample, in Central 
Asia, the word “kan” means a mine, “kuinysh”—silver, “kalba”—tin 
or bronze, etc. If a house is being built or a road paved, the prospector 
should find out-where the material is brought from and where the new 
road bridges or a railway line arc built. On state and collective farms 
he must ascertain where they dig wells, where they obtain clay for 
their stoves and lime or paint for their homes. 

'Fhe local population frequently remembers that research parties 
had worked in the given region before, and many old people who 
know the region very well remember the ores found in particular 
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places- In sonic re^^ions it is very imptirtant to ascertain the cxiste*ncc 
of old mines, dumps of ores and slags, remains of smelling furnaces, etc. 

Of course, most of the material Air the ]>reliminary acquaintance 
with the mineralogy and geochemistry of a region is obtained not so 
much from natural outcrops as from artificial excavations, dumps near 
mines and workings which offer the mineralogist and geochemist 
indispensable and often perfe^ctly fresh material. Ore deposits accu¬ 
mulate enormous quantities of the substances which accompany the 
ore and in the dum] 3 S of mines it is not infrequently possible to collect 
interesting material by examining the new output for a period of many 
days and by analyy-ing llie minerals in daylight in the frf*shly broken-ofr 
samples. The dumps and heaps of mined ore and stone* generally 
ejffer the mineralogist or geeichemist much more valuable material 
than the underground workings where it is often hard to conduct 
accurate observations. 

In fipen-cast mining and in pits it is very useful to talk to the w'orkers, 
qiK'stion them about the samples they encounter and focus their atten¬ 
tion on interesting things, asking them to put away whatever strikes 



Mining; phosphorite ore at the Kara-Tau Mine (Kazakh S.S.R.) 


4^3 




their eye. It is possible and nec¬ 
essary to get the local population 
interested by letting the people 
in on your wtjrk and by telling 
them of the use of the minerals 
which may be h>und. The creation 
of a definite public opinion, a 
sympathy and cooperation on the 
part ol'the local ]:)opulation is one 
of the most important factors in 
the success of prospecting. 'The 
local population becomes inter¬ 
ested and even children bring 
samples ol‘ pebbles and boulders 
from the river. It must l)c said 
that the greatest diseovx'rics of' 
new deposits arc not infrequenlK 
made by the local population 
and tlu‘ local amateurs. 

In each outcrop, cpiarry, 
working and mine the geo¬ 
chemist must tr\- to collect the 
samples of all mineral bodies encountered there and pay attention to 
their large accumulations and negligible traces whicli may indicate 
some particular geochemical processes. 

The collection of materials must, naturally, be accompanied by ob¬ 
servations of the minerals imbedded in the rock, their correlations, 
age, etc. The primary acqutiintance of the region <;nables the jjrospccKir 
to make a correct approach to its geochemical study. The following 
paragraphs are devoted to these problems of a purely research chariicter. 

The geologist and petrographer begin their work in the field with 
a study of the general geological situation, the tectonics and the relation¬ 
ships of rocks; this requires, in the first place, that the entire territory 
should be studied as a whole before a detailed study of any concrete 
sector is begun. 

The work of the geochemist usually proceeds differently; he must 
begin his work essentially with concrete material, i.e., with the very 
deposit. He must begin his research from the heaps of the mined ore 
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and the dumps of country rock with a ready knowledge of the general 
geological lay of the land. This indicates the rather sharp difference 
in tlic methods ol' approach to the work of geologists and geochemists 
in an expedition or excursion. 

Upon arriv^al in some deposit the geologist immediately goes to 
a drift or mine to examine the faces; he also examines, in the first place, 
the outcrop of separate rocks, natural outcrops, etc. 

The geochemist and mineralogist go, first of all, to the ore heaps 
and dumps. They must go into the stopc only when their eye learns 
to distinguish separate materials in the daylight because determination of 
mineral species in the artificial lighting of the stopc is a very hard task 
and is possible only with long experience. Only after a thorough study 
of the minerals in heaps and dumps must the geochemist begin studying 
the more general genetic and geochemical problems for which purpose 
he examines the natural outcrops and mine faces and studies any 
.sketches that may be available. 

This makes it perfectly clear why the mineralogist and geochemist 
upon arriving at a mine' usually go first to the country rock dumps 
rather even than to the ore heaps. 

I have personally observed that the local technical and engineering 
personnel is frerpiently not only surprised, but also very much displeased 
when, upon my arrival, I go to the dumps rather than to the workings. 
We must not forget that we can solve the most complicated problems 
of a deposit and understand its genesis only by a detailed study of all 
of the observed mineral complexes, their interrelations, liicir relations 
with the lateral rocks, etc. 

Thus, the sequence of the work of a geochemist during the first 
collection of scientific material appears to us as follows: a detailed 
examination of the dumps and then of the ore heaps; later, of the 
faces in open-cast workings and outcrops; only after all that should he 
examine the underground workings and study the interrelationships 
of the minerals in the fresh underground slopes. 

As previously stated, the geochemist must collect materials and 
concurrently analyze all rnineralogical and geochemical interrelations; 
it is, therefore, necessary that he carefully compare all his observations. 
I recall that, when I advanced the theor>^ of the relation of pegmatite 
processes to the formation of emeralds in the Emerald Mines I met 
with o syrnpnathy for a long lime until several very small crystals 
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of columbitc confinned that we 
were dealing with typical granite 
peginatif.es. 

In thinking over his observations 
the geochemist must mentally 
establish relationships between sep¬ 
arate minerals, reconstruct the 
conditions under which they were 
formed, basing iiimself on his ex¬ 
perience, subject all the data to a 
comparative analysis and, thus, grad¬ 
ually evolve some umkinii hypothesis 
about the genesis of the deposit in 
question. Such a hypothesis is abso¬ 
lutely necessary lor subsequent pros¬ 
pecting, but it must not be allow'cd 
to obscure the facts themselves. 
If the facts disagree with the hy¬ 
pothesis, the latter must be rejected. 
This work requires the most pro¬ 
found self-criticism and self-analysis, 
because success in prospecting con¬ 
sists in the ability to draw out of 
small and hardly perceptible facts inferences wdiich may be able to 
connect all phenomena to each other and to suggest those that 
are still unknown. Any wwking hyptithesis is good only as long 
as it suggests new' directions, 

I am consciously focusing the reader’s attention on this problem, 
because field workers are very frequently loath to give up their first 
working hypothesis even when new' facts are at variance with it. 

One more principle, w'hich, unfortunately, has lately been somewhat 
neglected. The prospector must clearly distinguish the fact itself and 
his observation, on the one hand, from the theoretical and general 
conclusions, on the other. Both in his field and final reports the prospector 
must sharply separate these two parts so that everyone may see where 
the factual material of observations ends and where the logical and 
theoretical constructions of the author begin. Young prospectors should 
be warned against putting the concrete factual material in the back- 
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ground and becoming I'ascinated willi llie final c<jnclusion, because 
in this case tlie conclusions hang in llie air. 

"I'liis is why we must esjK-cially jK-rsistenlb* emphasize the necessity 
ol* accurate and painstaking observatibii tjf natural f>lienomena. 

In the field the prospector must make note <>!’(*very trifle tluit strik<*s 
his eye during obs<*r\-alion. Hfr must transform his field noU-bf)ok 
into a constant diary of his onnii thoughts and observations, I'or only 
lliiis will ]\i: be iiblc to make eorrec l c«me 1 usions and decisions. R<‘sides, 
lie must shar]>ly distinguish between the eharaeter of' w<>rk and notes 
taken during t h(' firsi yi*ar of visiting a particular dep<»sil or rc*gion and that 
fA the subsequent years, louring the first \'isil it is especialK’ neeessary 
to accumulate purely factual mat< rial: during tlu‘ second \ isit tlitr pros¬ 
pector faces llu* nec'cssitv ol chc'cking on the wf>rk in liis hypotht'sis; 
finally, during the third \ isit, he runs into jirobhans of'a general luiture 
and it is usually jji'C'cisely ih<- third yciir that l>rings flise<j\'eries and suggests 
the direction of'accnriite prospecting. 'rh<*se j)c*riods ina\' be rut sliort, 
but this chqjcnds on the exjx-rienc t* of the* pro.spector and on the extent 
to which the: given deposits or region liavc' been studied from ih<’ geo- 
logic'al and mineralogic;d points of \ ic‘w. 

'The final ecjnclusions art' f‘onsiderabh- (‘xpediled if the prospector 
analyzes beforc'liand the miijc*rals and rocks he cncountc'rs during 
his field NNork. Portable* grocdu'mical laboralorit's and the j:)t>ssibilit\' 
of* sc'nding certain sam|)lcs to ncai-b\ laboratoric's for quanlitati\'e 
analysis in large* measure* facilitate* the* tie*ld studies and enable* the j)ro.s- 
pe'clor to e*xj:f'eJilc final conclusions. 

It should be cle'ar freim llu* fore'going that the keeping of re*cor<ls 
is e)f j)i’ime* importance. 
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liHlEIK INFORMATION AROl f CHKMICAL EITIMENTS 


Aciintttin (\c.). Aioiiiic nuinhrr— 
H9, al<jinir woijjlii - *->^7. l^isrov 
in if»9<) by r!)i*bi€.*rn<‘ in |>il<*h*blfncl«N 
RaciioarliN't* {)rcHhuT <»r uraninni 

clisinl«.*^ration with a vjo-yoar bait- 
lifi* |joritx 1 . As a r<‘siih of subst-qin'iii 
rlisinl<*.(}’ration actinium succ'<*ssi\cly 
Forms a .st‘ri<*s of raclioa<*ti\c clc- 
iiK iits knoNvn as llic ^ictinium sc'rics. 

I’ht' final mc'mbcr of ibis scries is 
nori-raclioacii\c with an aiornic 

weight of \*cr\' little is ktiowti 

about a<'tiiiiiim anti its tompountls 
as y<'t. 

Acthuticis, Ciroup of cb<'mical cl<- 
nifiits foliowini^ at tinium anti \ t ry 
t lf»scly resembling each t>ibercliem- 
ically. I-ike tbe rare-<"irt Fi t^roup, 
t>r laiitlianr)icis. this i^roui^ rniisi 
contain 17, t'bemical elements frtjuii 
No. bp to No. lo;^; l\vel\-e <j| them 
ba\'«‘ already been clist tj\fifd or 
product'd artifitiany: these iriclude 
actiniuin, thorium, uranium, ni-p- 
tutiiuin. [ilutoniiim. amt'rit'itim. 
curium, bcrkeliiim. citliftirnium, 
»*in.steinium. fermium iind mentlt-le- 
t iuin. 'I'ht' first ifiree t»f ih«‘se <.»ct ur 
in nature. 

I'hf* elements of this irrou]> are 
united under thi‘ name t#f‘*at timiids" 

J “act iiiides"’;. 'I'}ieir cliemieal prop¬ 
erties vf‘ry much resemble those 
of the lantliarif>ids iinti they are all 
crowded iiiio ii bt>x in tbe pn! 


<<roup c»f NIent!elt*\ev *s P<*riodic. 

I'abb' jo^t belov\' the rare-earth 

ttrtmp. 

Alahaviine. I>. NIcndt*le\-ev believc'd 
there* was an cleim*nt iekaiodint*) 
witfi an ;iiomic number of anti 
describctl its propi-riies. L>isct>\'t*ry 
of an clement witli tlie atomic 
numbf‘r b‘) was re]>t>rtcfi in America 
in the element bt‘in^ iii^nitcl 

alabainint.*: the disco\’cry was not 
confirmed. ht>wt*\'er, and eb‘mr’nt 
?•-) did nt>t rt'tain the naiin* alabani- 
int*. StM* 

Aliitniniiun (Al;. .Vtonac num¬ 
ber— I j; atomic wi-iirfo - '- 2 (>. 9 b. 
Silv't*ry-whi le, vt.*ry bi^iii metal; 
t onstiiuent /»f c lays, ftddspar.'.. micas 
;ind many other minerals. NIost 
abundant c ieiu'-nt in tlie earth's 
. rust iifter oxyt^en anti s'lic'on. ’The- 
earth'" c rust c ontains 7. -) per c f*nt 
of it b\' weiyjht. I'he main mass 
c»f aluminium is coneentiaied in 
;iiumr»silic ales. iTiim*rals eoinj>o.sed 
of aliimiriiiiin, silicon, oxyi^c-ri and 
certain metals. Kau.vites -hvvlrou.s 
oxid»*s of aluminium ar<* espec ially- 
ric li in ahiniiniurn. .Muininiiim is 
]>re>ducc-d in;iitiiy from bauxite- aiirl 
from nepheliii'-. Its alloys ar«- e.xten- 
si\ t i\' usc-d in airc ral't-buildini>. I'irst 
obtaiiic'd in its pure- "tatc- by W'tihler 
in ib27. 'J he name- st<'ms from the* 
word nitnn. 



Americium u\in . Atomic mini- 
bcT «*.')■. atc^rnif weight of tin* 
slablc‘sl isoto|><* vxiili ;t half-Itfr 
pt'ricxl of about 10,000 is 

l'’irst oblaincci artii'icially by 
bomhiirclnic ni of itraiiiiiiii v\it>i alpha 
parli(l**s in ip|fi. l‘'i\«- isotopevs arc- 
known icxlay. In its <-hc‘rnic';i 1 prop- 
t*rtic*s it is \'c’r\ similar to larc'- 
farth iTic'ials. 

Afifhnnttv (Sb . Atomic' nimibc-r 
1 : 2itomir wfit^lil 121. Known 
sine <■ anti<|tiity. Procluc e el in its 
frr<‘ stjitc- by iJasil \'al< nlitn* in th»* 
I ",th (c-ninry. \ «'ry Ijritili* rin taL 
< )c c'lirs in (-ombinalion with sulphur. 
I'sc-ci as ii c'OMStituc'Ut in t>'P*‘ 
mrtal and in mc-dic inc-. An ;iddition 
of antimemy to l»‘ad thready in¬ 
creases its hardne*ss. N\hich is taken 
advantat'e- eif in di*’ inanufac t ne- of 

type- metid ;ind bulle-ts. Antimony 
rompound.s arc use-d in liu* niiitc h. 
rubber and ylass industries. 

.haof/ Ar . Atomic numbt ! tH; 
atomic wc-it»ht 4p,p.|4: b<*lei?nrs to 
the- c^roiip of in«-rt ^ase-s w hie It 
form no cc»m])cnmds e*ithe*r with 
c-aeh otlie-r or with any othe*r 
substances, and thus sliarply differ 
froiri ail othe-r elcmeins. ()wcs its 
name- to its j>assi\ ity ; ari^oii me ans 
“inaclixe" in Circ-c-k, Oise ox e-ied I>x 
Ramsay and Ray le it^li in i f{p.|. 
Rnc'ounte re*d as a constiiue-ni of the 
air which contains about one- per 
rc'iit of it, I .^ed for filling lumi- 
nc‘s<'c*nt tubes: emits a bhiisli lit^ht, 

.tr.u'Ntc 1 As . Atomic number 
atennie xxe-ijnhi 7..J.P1. Hi it tie-, 
brown-black xolatile me-tal xxitli 
a jt*arlie-like- odour. I'ln- name of 
the* c-leme'iit sic-ms from the xxord 
tn wniioii^ me-aninie niine-rai dye-, 
Knoxvn sinee hoary antic;|uity . Subli- 
n'ialc‘s without meitint* at <i;t:^ Cl. 
\Iehs at HiH Cand imdc-r 
a pre-ssure of i-^ti at rnosphe-res. 
.Arseiiie and its soluble- salts are- 
poisonous. C’sc-ci ill alloys wiili 
lc*ad and coppe-r: forms n eonsiiinc-ni 
of the- substances nsc'd in ht'htin.t; 


aie;ri<-ultnral pc*sts (funi'icides : c‘m- 
ployed in ^lass manufacture- for 
dc-c-olourizini^ i^lass. 

A.y/tJ/iiii‘ (.\ti. .Atc^mic* iiumbc-r 
8"i: atomic- xxeij?hi nf its longc-st- 
lixc-d isotope* with a half-life perriod 
of hours is 210. I'irst obtainc-ci 

in i«j4o by boml:>ardmc-nt of bismuth 
xxith alpha particles. Named iiftc-r 
n^ltitas. the- Ciree-k word mc-anint; 
“unsiabh." 20 ise>io})es are- known. 
Its pmpe-nie-s cjnile roinc ide witli 
1). \lend<*lex e-\'s predictions; 

\fc*ndc*lc*yex- had iiiinied it c-kaiodiru*. 

Hariinn (Ha-. Atomic- nnmbc'i*. 

“><>: atomic- wc-itrhl - Sil- 

\ c-ry--x\ bite metal as hard as lead. 
1 )is<-ox c-rt-d in *77 1 by Sehc-c-lc-; 
first, jirodncc-d in its pure- stale- by 
IJax y in iHoH. 'I he name c'omes 
from the- mine-ral barite*, from 
xvhic li it xvas proclut e-d ^ baru\ 
heaxy ., C'.oloiirs the- flanu- a charar- 
teristic- y c lloxx-ifre c-n. Its salts arc- 
usc-d as a i:jockI xxbitc- paint. 

lierkci 'tmu Hk . .Xtc.irnic- number 
P7. Produced arlifirially by bom- 
bardme-nt of lh«* isotope of arnerie- 
iuin xvilli an atomic* xve-ijrht of 
•2.41. d'hc- half-life ])e'riods of the* 
berkelium isolope-s thus far dis- 
4‘oxere.-d do not e-\ee*ed a few hours. 
Named alter the- city of Herkcdey 
in the Stsite* eif Clalifornia < 1.’1. 

liervllium i He . Atomic number - 
4; atomic- x\c*ii^hi p-fwy;. W ry hard 
but lij^ht xvhitc- int-ial its spc-eilie. 
u^raxiiy is 1.H7.; siabli* in the* air. 
Oiseox c-rc-d in i7fJ7 by N’auquc-lin 
and named 1>\- him irUu'imim 
be-cause of the- svxi-etish taste- of 
its salts. 'This name- has pc-rsisled only- 
in l-’ranci-. The- xxord ‘■‘berylliunr* 
coinc-s from the rninc-ral bc-iyl. l.'sc*d 
for alloys with copper f beryllium 
bionzc-s and otlie-i ine-tais; rnake.s 
thc-sc- jilloys hard as Mc*c*l and 
“tirc-less" unde-r stre-ss fxvatc'h 
springs . I.armc' eonc-eiitratioiis of 
be'rylliurn niiiic^rals are rare-. 

HistHuth i Ri . .\iomic- numbe r B3 ; 
atomic- wed^'h! :20p. Rc-ddish-\vhifc\ 
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brill-Ir, fusible* inrlal. C'.onipoiincls 
of hisiriiidi wcTf knovxii in HnJiq- 
uily bui at tliat lime it was not 
clistiii^uish(‘d from It^acl; first isolated 
in its native* stale* l»y alehe'niist 
ikisil X’iih'nliiie* in the* i “>ih ee-ntiiry. 
I'tjriiis part t)r tin- alloys us<*e:l in 
printini*’ anti in dillere-nt fire-fii^ht- 
injBJ de*\ ic*t's ; inte-n-st for its 

.su)>ere<)ndueti\ily of eurre-nt at 
lempe*ratur**s appre>iie hini^ abse»liit<' 
zero. 

Horun 'B . Atornie- niiiiihe'r 3: 
aloniie- weii^ht 10.8*^. 1 )isee>\ e re*e:i 

in 1808 by l)a\'\- in KnirlaiKi and 
by C»ay-Iar-sae and 'I’he-nard in 
I’rane e-. 'The* name* < e>m<'s fre^ni the 
word **l>e>rax." (a-ysialline- l>orein 

ise)lale.*d freHn the* allej\ wiih :ilu- 
miniurn is almost as hard as 
diamonei. C)ee'iirs as Iwirie ae.id 
and borax and in e e rtain siliratt*s 
(salts e:>r silieie: ae'id=. l.’se<l mainly 
for the* manufacture* of e*namels 
and in me-die ine*. I'he* eoinpounds 
of boron with carbon and 
nitrotrc'n arc* e*xtraoi dinarily hard. 

Bromhte i Br . Atomic' numbe*r ;^3: 
atomic* weit^hi yej.pifi. I)isc'ove*re*d 
by Balard in iBab and name*d 
bre^mium ^hrornos stinkintri b<*t :iust* 
of its Linpic*asant odour. ih'e>niinc* 
is a dark-brow n hea\ y licpiid; like* 
all the hale.'t^e*ns it is e'xtraordinarily 
active* and enl«*rs into cornliination 
with most of the e‘le'Txu*nf.s. Ke*a<'ts 
parlic'ularly vigorously with m<*tals. 
Prociiires severe* burns upon con¬ 
tact with the skin. F-nrount<*rc*d 
mainly in c'omi>ounds with 
potassium, sodium and magnesium. 
I'he sail-lakes <jf the C.!rime*a are 
rich in bromine. l.’se*d in rnc'dicinc* 
and in the* photo industry. 

Cafbniwn (Ckl-. Atomic iiumbe*r 
48: alornic: vve ij^ht Silvery- 

w'hile metal discovere’d by Siroh- 
rn<*ye*r in 18x7; name- de*rived from 
the* firee-k word €ndme\-vAr\v ore. 
('lose'ly resembles zinc: in proj)- 
ertie-s and always accompanies it 
in nature. L’secl instead of zinc* 


for jilatiiijL^ ire)n, in nlleiys vvitii 
c*opf>er for <*nhanc*iii.f^ liit* strength 
of c’oppe'i’ wirc-s. in fusible* alloys 
and yellow paint manufaeture. 

( '.alcium i C 'a ). .\tomic' nurnher 

20: atomic* weight 40.08. Alkaline- 
earth metal. I >isc'c>\’e*red by l')avy 
and Berzc'lius in i8op. Name- c*ome‘s 
from the- word rr//\ scift stone' 

• limt‘sir>nr* >; inalle-able. rathi-r hare! 
while- meted: me-lts at about 800 C/ 1 . 

and boils at 1,240 C^; abundant 

in nature in the- form of c*arl)oii:ites, 
suli>hale-s and silicate's. Its averaj^e 
c*onlc-nl in the- e-arth’s crust is 
•\.j\ ]je'r ct'iit. Only 4 c-lenu‘nts 
. O. Si. .\1 and 1 \- are* e-neeiunt<*red 
in nature- in laiijjc*r amounts than 
calcium, .\le-tallic- calcium has not 
found an\' spe-cial application as 
ye-t. 

iAilifornium t C'f ■. Atomic num- 
be-r c>8. .\riilicially obtained by 
bombardme-nt of the* isotope* of 
c'uriurn ( atomic; wc-it^ht - 242; with 
alpha particles. "The* hsdf-lifc- pe*riod 
of c-alifornium (atomic* we'iirht 24b) 
is 33 hours. Named aftc*r the* State* 
of <’alifornia. f;.S.A. 

(.Mrbnn (C’.', .Vtomic numbe-r 6; 
atomic: w<*ii:fht 12.01 i. K.now'ri 

since* early antiquity. Name* dc*rived 
from I^atin carho C'oal. Occurs in 
the* form of dianionds. .v;ra|.>hiic*, 
c*oal, \'aric^us hydroc'arbons (oil and 
natural teases, and in orjcfanic* sub¬ 
stances. Slost of it. lioweve-r. is in 
c arbonates (salts of c:arl>onic acid; — 
lirne-slonc's. marbles, elc'.. as well 
as in solutions with water and 
air (in the form of carbon dioxide*). 
Applications: diamond—for boring, 
cutting and grinding glass, for dc'c*- 
orations; graphite as a rc*frac'tory 
matc’rial (graphite c'rucihlc*s), lubri- 
c'ant, powcl<*r, in pc*n<'ils, in rheo¬ 
stats and in c*lt*cirode*s for arc: 
<*!c‘<'tric' furnaces; coal and oil are 
userd as fuel, as one of thc' most im¬ 
portant source's of <*nc*rgy. Carbon 
l) 1 a< k is usc*d in ]>aints (Indian ink). 
<’oal procf'ssing yie*lc1s numerous 
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rlifiniral prochicis itK'ludins); aniliiu': 
tlrii^s aspirin and sirrptor i<l<-; sat - 
rharim*; fxpU>sivf*s triniin)toliif-nc, 
rl<*. 

C^ti'\iofteiufn Kip . Naim- ns<‘fl in 
soiTi<* <<>iiiil rif's lor iht- rliiiicnt 
liitt't iuTn. S«*«* /nifdintf. 

(.'f'riutn f'Cir.. Altinii< rmmhtr ",d; 
atomi<- \\<*i!y:hl i.|o-i;p R:ir<-<‘arlh 
i*h'iTn nt. 1 )isc'f)vi'ri*d in ih\ 
Hisin!t^:f*r, Klaproth and liir/.t-lins 
and najnrd a.ll<r lln- small phiiK'l 
Cii‘ri*s. (irriiim forms j^arl ol ili«‘ 
mixluif us<*<l in th«* manufa< tnrt- 
of flints for <"i.t'ari*n<-linhlrrs. in 
nn*di<'in*\ and in arlillri'v lor iratra 
sht'll.s. Ii is t*xlranr<i from monayiio 
as a hy-prcMln< i in thr ])rodn< lion 
of ihorium. 

(Cesium (Cis -. Alornir immlx r : 

al€>nii<: w rijiThl p-jvi-fji. Alkali nu'lal. 
Sp«‘fifi<' t;ra\ily i.fly: imltint* 

point CXana-d afirr 

ihr sk>-hhir tatlour r>f th<- spta fral 
lint's t'harac'ifrislir of rtsiurn (nf- 
\iu\ in I^atin hint* sks- . hirst of the* 
< lcim*nts dis< <i\'fr<'d by spt-f cral 
analysis (Huitsrn in . (ailoiirs 

tht' it'st flanir violrt. ( )nly oiif ct siiim 
mineral polhieife is known. C ie- 
siiini is usi‘d as the main constiiin iu 
in photo<ells. 

(. '.hlorine ' CJ .. .\i<^ini< niimlx j i 7: 
alomie weight 'ha- 137 - Oisef»\ t'red 
b\- S< heelc* in 1774; nam<‘ deri\ c-<l 
from the word chlorn'i 
low-^reen i^as heavier than air, < >< - 
enrs in sails of sodium and potassium 
dissolved in the waters of the 
<K eaii, or in ro< k salt ' .X'ii( H 
tleposils. ()ne of the basi< elements 
tjf the ehemiial indiistrv mainly for 
the prod lie lion of ehli»ride of lime; 
plays a \fry important |»art in the 
manufa< tiirc‘ of paints. man\' driit^s 
;ind poi.son ijas<*s. Kartce <|iiantitieN 
of < hlorine are used in bleat hiiii; 
fabrits and papt'r. in sierili'/.ini? 
drinkini; waiter and in fiiJjhiinju^ 
ajL^rienllural jjests. Sodium ehloritle 
tNaCn is usetl in enormous anit>unis 
in foot! •'ev 4 ‘ry human beini* eon- 


sumes Irom 2 to 10 ol salt a 

year . 

i^hromiuni KIr>. Atomic- number 
!2.j : atomic weight ','-*.01. l^is- 

c <>vc‘r«-d b\- \ auc|u»*lin in 17pd 

while he was deeornpo.siiu^ the 
mineral ert>c'oitt‘ lirout^ht by Pallas 
from the* I'rals. Name stems from 
tht- (iret'k vt'ortl ehromf colour ini^ 

b<*t ausi' of tin* motlc^y colours of 
its diflerc*nt compounds. \Cry brittle, 
hard and very stable* ajg^airisl air 
and water; specilic- i^ravily 7-1 ^ 

nu*Its at i./bf, NIosi. freciuc'iuly 

encountered in the mineral chro¬ 
mite. L'setl mainly in the* ste*t*l 

industry. C'hrornium stc'cls are* known 
tor ih<‘ir }iardnc*ss and durability; 
diey art- use*d fe>r tin* manufacture 
of tools and ^>run lubes. ( )lher 
metals ;ire ehrc>mium-plale-d in orde-r 
to pre\ e‘nl them frt>m eorrosicin. 

Clobali ^ C’o . Atomie’ numbi*r 27; 
atomic' weit^lii Oiseovf rt‘d 

by Hrandt in 17:h7 named 

;ihe*r the word cobnUL meaninn' 
mountain s[)iril or jt»nome. Rather 
hard ucri'vish-whitt*. malit*able and 
ductile metal; melts at t- 

ina.£cn<“iie. but li*ss so ilian iron; 
in a pul vc-rix.c'd state* capable of 
absc>rbin.t5 lartije amounts t»f 
hydrogen; rc*sc*mblt's iron physically 
and chemit all\'. Ocfurs in meteor¬ 
ites dll allejv’s with niekt'I and iron t 
and in the* earth's crust in com- 
bini^tiem wiili arsenic' and sulphur 
l*s«'d in llic* production of sjie-cial 
si<*eis. as a blue* dye* for t^lass anc^ 
e*nainels and as a catalyst in pro- 
diuint^ motor fuel from c'oai. 

iAipftcy ( C'll . .\ieimic munbcT ap ; 
aicmiif' weijt*lii *>:b3-b Rvd. :iial- 
ie'able* me'tal. Known since early 
antiejuitx'. .Xamc'd iift(*r the* Island 
of C'.yprus bec’ause of the* <*xte*nsiv'e 
production of f'opp«*r wares on 
the* island in aiiticpiity. (>ccurs 
mainlx in <*ombination with sul¬ 
phur. more* rarely naiix’c*. I'st*d in 
its pure* form in electrical <*niTin<'f‘r- 
intf and is one cjf the* b<*st condueiors 



fli' and : al,s(> \\ i<lrly 

iis<*ci ill alloys with tin an<i yirif 
! brass . 

(.itriuni (Clrn . Aiomir nurnlur 
<|b. Protliift'cl arlirK'ially in tf)lb 
isoio|.>c‘.s of <111 iuin :irt‘ known 
u>d;iy. 'rii<' l<>ni*’<-si-liv <“(1 isolo|><- 
is lh<- ciiH' with ih<‘ rilonii< 
of ‘-i 1.",. Its hall'-lilV is more than 
■,n<) N f-ars; < h(‘nii( IK iibl<*s 

lh«’ rar<'-failh <*l<*Tn»‘n!s, Naim-il in 
honour <ji .\Iarif and Pi« rr<‘ C’lii it* 
and of l r<-d* ri<- arul Irrm* Jolioi- 
C iiirii*. 

I)i i-nifin^ane.u-. S«*<' rhrtiitnn. 
I)Ysfno.\iutn (I>\' . .\ioini<- nuin- 
b<*r - bb: atomic weight 
Karc-rarth c*lcni< nt. Oiscov i-rctl by 
I-<'fOC| rlc Rbisliaiidran in i iibb. 
Named afl<*r the (tr< « k word 
- cliffitailt of a<<<\ss. 
I'.insU'hiiutn ( Kn . Atomi<’ inun- 
bf'i Kadioac'tiv <■ ch nuaii of 

rhe aciinich. s< rics. S\ nthf'siy.e I by 
a t^ronp iff Ani<'ri< an pliv'.ii isis 
in I i\'c isolo[>< s of einste inium 

ha\'e b<‘<*ii <ibtain<'d to-dal<*. Naineil 
in iKinour <jf dx- great (h-rman 
seientist A. Kinslf.*in. 

I'lkaafiuninuitn. Se<- (TaHimfi. 
l\kohuri)ti, S<-<* scnuffiitni. 

I'lkacfiiutn, S<'e Jraiiciinfi. 

I'Jiuiodiue. See fnhitinv. 
h'.kitmnu^am'if. S<-<* hchftf (inni, 
h'.knsiliciffi. Se<' ^eruuuiiutn, 

Krhiiun Ih' . Atoinit iinnib» r f)f>: 
atiiniic wfiglil Kare-r-anli 

<*lem<‘nl. lJiseover<-d by NIo.san<ler 
in 1H4;} and nam<*d aft**!' the !<»wn 
of 'S’tterby. 

Kuropiuni f ilu . Atomic numlx'r 
r>;-;; atomic weight- Kar<*- 

j'arlh clemenl. Ois< ♦i\'ere*d b\ Dc- 
mar<,ay in ipoi. Its salts ar<- col¬ 
oured {link. 

h'ertniurn <: I’m . Atfiniic nunib<;r 
too. R;ulioactive «U'ni<-nt of lh«* 
a<'linid<‘ s<*ries. ()btain<-d in the 
L’.S.A. in by fission of the 

{products rr-sulliiig from irradiating 
uranium with a momentary str<*am 
of neutrons. Named in honour 


<d tlu- Italian {ihvsicist K,. I'ermi. 
I'f»ur isoto{)<s of fi'miinm with a 
half-life pt'rio<l of ;{o minutes to 
iti htHirs ha\<* been synt hesize<l 
to-tlate. 

h'fiKtfinr I' , Atomic number <): 
atomic wc’ighi ip.oo. Halog«*ii- 
lamiK' non-metal. In its free* state it 
w as first isolat*-d b\ .Nloissan in I cibti 
though it had bc'cn taken Idr an 
element b\' Am{n-re as earlv as 
tcfto. The iiami‘ stc-ms Irorn 
the name of th*- miiural flucjritc*. 
Normally it is a gas, grecnish- 
ycdlow in its h<‘a\y la\<Ts. S|iecilic 
gra\it> 1.1 I (liquid I ; melts at 

g-2;i boils at 1 hfl C'. l-'inds 

no <i]>{jlicat ion in its fi'ce slat**. 
H ydrofluorif' acid is widely nst^d 
in < iK'mic al laboratories as wa ll 
as in e tching glass. 

h'rttfuumi I’r . Alomi«' number 

ft7; first disco\en*<l by ilie k’rencli- 
wciman \I. l*«-rey in in the 

natural raclioac li\ c‘ s«*ries of actin¬ 
ium ciisinit'gi atitin ; lat<‘r j>i odii< c*d 
iirtifu ialK . The brief c'xisn nc e of 
ili<‘ isoiojies of iVanc iiini inak<‘s it 
difficult to study its cluwnical ]>ro{)- 
c*rties. riic atomic w«’ighi of one* 
of its isoio|ies is In its jjropt'riics 

it is akin to cc^siimi and is oii«' 
of tlx* most acli\-c nx taK. Named 
afl<*r tlx- niiti\'e laixl of the* in\<*s!i- 
gaior. rile rxistenci* of Irancium 
was assum<*d by I). NIciid<-lc*yc\’ 
wlxi dcscrib«'d it under the narix* 
<»f i-kac<'sium. 

iittdnlhiium (fid . Atomic number 
;ktoini(' wc-ight !",<).<). Rarc- 
earlli clcnxTil. Discoxcred by Nlari- 
gnac in i8f}o; nanx’d after tlx* 
mineral gadolinile in iHbti. 

Gttllitnn tfia-. .Atomic: number— 
31; ;itomic w<*ighl- - bq./g. f )ni* of 
tlx- e lements whose* firojxTti<'s \v«*re 
{irediet<*d by* I). \l<*nd<*ley<*\' o*ka- 
aluminium/. Discovered by Kecoq 
ch* Boisbaudran in 1B7") by the 
s{K*c-tral method and namc*d in 
honour of France whose old name* 
was (ialiia. Silv«*r\'-\vhii<* soft metal 





with v<‘ry low t<'in|>«'riiuirtr 

of iitj.H ffiii-lls in lln* haiidi, 

bill vvitli 51 boilint^ u*Tnp«'raiiir<* of 
2.;^c>o (!.: soliil .I'alliiiiTi is lit^liKT 

than licjuid i*alliiini liiul ilu*rc'fort‘ 
floats in its own n^< h ; Ik'Ioii^s to 
ihf ran- <lis|>rrs<‘fl **Ji*int*Tils: iisi'ci 
in ihi- inanuliu lurt' of lh<'rni<»- 
in«*UTs for m<*iisiirint>^ trni- 

jx'ratiirfs ;tncl tnrninoiis rojnpoiiiifis; 
aisc* UNi'd in the i^rodurlion of optic al 
mirrors. 

Ciertntinhttn (Cn“ . Atomic- nurn- 
bcT ;3!2 ; ;il<anit-Wl'ijrht 7.2.(>o. < )n<- 
of the* rarest c h'incnls whose ])ro}>- 
<-rtic-N w r-rc* prc-dic ted \yy I >. \f<*n- 
deh*ye\' ic*kasilic-on . Disc c)\ c'rc-d in 
I d<if> by WinklcT by lh« spectral 
jn<‘th<.»d. Possesst s IjoUi rite tJillic 
itnd non-mc't;dli< properli<*s. I'inds 
ap))iic'a(ion in riidio-eniiineei ittij: 
fc>r the* inaniifar(lire* of liitiiinotis 
eoinpounds and for the production 
of s]j<*eial sorts of lUflass. 

(flucinnw ((d . Sec* hcyvUiufti. 

Gold (An . Atomic iiumb<*r - 7p; 
atomic* \>'eit;hi 197.1*. KnovN 11 
since hoars- Jinticjuity. Mall<*able 
;inrl scift rnet:d: rc*sisls oxidation: 
dissol\-es only in aqua rc*i*ia: does 
not nadiK form eoinpounds willi 
other elc'inenls; only its alloys 
with silx'er itnd its eomponrifls 
with s<*lc*niiim ;md tc'lhirium are 
known. S]>eeific: j;»ra\ ily cjf c hc riii- 
efdly inire jt;old is ifM-j (of lUitivc* 
ij^olri eonlainini; from 17 to 1*7 pc-r 
ec'nt. silver- 17 t(» i(i», .Melts at 

i,f>t>o' C’.. and boils at •j,t>77 C-. 

'I’hin lejix c s of sold show up j^rc-en. 
Cjold is 51 c'urrc*nc'y mi'tjd and tliis 
eonslitules its main \ alue. Its t<*<’hiii- 
ciil ap|>lieiit ions are insit^nifieitnt; 
eontaets, Rohl-plitl^'^l iirlic les, jihi>toj;- 
riiphy and medicine . 

Hafnium (Hf-. -\lomie numbc*r 
—72; 5itomic weight -1 7h.(>. 
'Though a more abundant ele*ment 
than s^old or sih’er and its cemlent 
in sonic* niiru'ials amounts to 'jo pc*r 
<<*nt. it w'sis disc-overed only in 
192'^ by C’oster 2ind Hevtsy. This 


was due to the <'xlraordin;n*\' rc'sc-m- 
bJanee of its < hemic iil ]>rojji-rtic:s 
to those* of zirconium from whith 
liafniiini c-iin be s<pjiriitc*d only 
with diffieully. Metallic hafnium 
is vc*ry hiird and hits a lii^h mc*h.- 
in.tj point ijibe-iul 2.2*10 C'.., In 

th«* I'orni of oxidc*s it c'cinst it ulc*s 
jiart of the allo\s used in the* m;mn- 
j'ac'ture of electron \'al\e lilamenis, 
fincK iimitf'd use* in the- radio 
industiA ;is super-hre*proof inatc riiil. 
Its 1 ) 511114 * comes i’rom the* 5uic-ic*nt 
TiJimc- ol the* D^mish ca]>ilal 

C lopc-nhii^eri ' I he fni^i >. 

/Iilinm (He .. Atomic* rninib<*r 2; 
atomic wc-itcht poo'p Noble* 

First s|)*-el rcist cipic: liin's fl;sec»\‘c*re*d 
by J. ]annsc*n in ihtiH in the* atrnos- 
liiiere* of the* sun. ()n c*arih dis¬ 
covered b\- Ktmisiiy in iJ»c)7: the 
latte-r isoIjiti*d this i^as from the* 
mine*r;d c le\ e*iic*. d'he name* eomi^s 
from the* word hflios -sun. Se*<-oiid 
lit^htest of 5 jl 1I jjrases after hydro^e-n; 
it is H liine‘s as lit?ht 5is air. 
!‘dund in the ;itmosphe*re and 
to^i'thc'r w'itli othe*r natural ftiises 
in the* inte*rie>r of the- earth: formt'd 
durinju: radioactive* disinle* 3 Dfration of 
eh*me*nts: the alfilui particle* which 
coiru's /l\in^ out of the* atomic 
nuclei of liidioaetivi* c*leine*nts 
is a posit ivc'ly chai'Ke’d nucleus 
of hc*liiini: us<*d top:elh**r with 
hydroi»e*n for filling diriiribh's; pre- 
vc'iits the* latte-r from t'X])lodintr. 
I.ow’e*si l<*injier;iiure* on c*arih. nc*iirly 
-' 27^5 ■ C"., has bc*e*n oblaiiu*d by 
evaporatiniij he'lium. 

Hidmium (floi. Atomic numbc'r — 
(17: fttomic w'c'iijht—1 64.9 p Rare- 
e*arth e*lcme*nt. I)isc( 3 vr*red by the* 
Swe-disb ebe-mist Cile*vc in 1^79. 
Holniiuni stilts are pink-co1e>ure*d. 
Niimi'd after the* Swedish capital 
Stockholm. 

tlydrof^vn f H ». Atomic numbi'r — i : 
jilomie* we*iii^ht j .008. Fi^htc'st <md 
lirsi ele*mc*nt in the* j>e*riodic sysie'iti 
of elements. C ionstitiiU*s about i per 
ce*iit of the entire* mass of tile* c'arth\s 





(rust, iiu'liicliiiij; \salrr ami th«* air. 
CIt>lc>url«*.ss jtjfas. IViurtrrn tinit's as 
lii^ht as air. OisfONcrt'fl in th<* 
first hair (if lh<* i(iih <c‘iiti.iry by 
Parac'rlsiis as a r<Mili of ih»* r«. artic»ii 
sMl]>hurif’ ;iri(I anti iron. 
In 17b() C*a\ t*rKlish cliM <iM*rt'tI its 
projxTtifs anti pointt'ti t>iii its 
tliflrrfiK't s from ihi* oih< r least's. 
La\(>isi«*r was tin* first lt> pro(ln<«‘ 
hydroi^rn from walt-r in 17*1;*, iincl 
to |»rt)\ »* I flat w alt-r w as a t ht inic al 
t'oniptunul of h\tlrt)m*n anti tixyt^tai. 
C )n tin* t-arih h\(lrt)tjfn tKrnrs 
f»nly in t'onipoiiiirls in v\ittfr, f>il 
and in lh«- lisstn‘s of living ta-Ils; 
ill its ift'i' stall' it is foiinrl in insi^nif- 
itanf CjiianiiIii's in tlw upp< r lavt'rs 
of lilt- at mosplu'r*'; also liborati'd 
during*; \oItani< «-r(aptions. Sp<-f- 
irosfopitalK 11 isinvi’rrd in ilir siiii 
and in fin- stars. Airortliny to 
niodrrn font cplions, the snbstantf 
of til*' cosmtjs ( tuisisls of ;^o to 
",o p«T t i'iii frc<* h\drot’« n w hosi* 
atom is till' print'ipal bniidiiii' 
brick of tiic nni\«'rs«'. In addition 
to hNcIrom'ii with itn aloinit. weight 
of I then* ail two ran- isotopes 
with atomic wcijt»lits of j and •; 
which in comliinalion with o\\.i*cn 
yield “hca\\ water.*' H\drt»t*<'n is 
used lor lilliiii* tIirii«^iblcs and fiallooiis 
ill wliicli it acts as the lifting fort* 
bee ansc it is lit>hter than air. 
In aiitoijenoiis wi'ldintf its flanie 
dcvciops a ternpi-rat Ml I’ tif up 
to ‘2.o<io Cl.; it is also used in the 
chemical industry for produc int? 
artificial oil from c'oal. 

minium :11 . An element with 
an atomic w eight of ti i w as de¬ 
scribed under tliis name. 'The fact 
of its cliscoxerN was not confirmc*d. 
.See fnomethium. 

Indium {\\\ . Atomic numbe-r 
atomic w«'i.i;ht ii.j.yti. Ralhc-r rarc- 
dis|.>c'rsed el<'m<*nt. IDiscovc-rc-d by 
the spc-c'tral method by K«-ieh and 
Kichter in t fib;^: nanic'd afte r the* 
dark-blue, indiiro-c'oiouri'd linevs in 
its s|>eetrum. Sil\er\'-w hite imlal 


softer tlian U*ad in its frc*e slate; 
no minc-rals ricJi in indium arc* 
knciwii; ores of many metals con¬ 
tain insii^nifieant admixtures of* ils 
c:ompounds. c-sjxTially witli zinc, 
best metal for the mamifaciun* 
of mirrors. 

Iodine si . .\icjmic numbc’r - ; 

.atomic' wei^lit - ii>b.c)j. Dispc-rsc'd 
eli-nu nt. I'ypieal non-im ial. I sualK* 
solid, volatile and easily soluble in 
a number of* soKents. r>isc'over»*d 
by Clciurtois in ibii. Prcxluced in 
indusirx- from Clhilcan saltpetre* in 
amounts of up to i.ooe> tons a 
Near; alsc» enceniiite*re‘d in mineral 
oil waters and extraet«‘d from 
seawc'c'cls. Xami' rlerixeil from the' 
(.reek word iodi\ violet because* 
of tin* colour of its vapours. I'inds 
<-\tensivi* application in medicine*. 
re»<*nti;enol herapy, manufacture of 
l>olarizing t^lass. ]^hotot*raphy and in 
dyes. 

Iridium = Ir . Atomic numbe*!* 77: 
atomic weit(ht ()ne of the* 

hi*a\ iest inelals spe-erific mrav ity 
•->2.4 . I>iseo\ t*red by l ennant in 
platinum ores in ifio p Name* derived 
from thi* word iridi.s iridese*ent 
' be*e ausi* of tin* part ieolourc'd 
sr^lutions of ils sidls ; noted for ils 
.t*:rf‘al hardiic'ss and c hc*niical slabil- 
iiy; inc'lis at 2.4",!, Cl.: e he*rmcidly 
closely re'seinl)le*s rhodium: occurs 
as a fi*IIow-irave*l!e*r of ]>hitinurn; 
usc'cl in its pure st;ile for crue ible*s, 
hii'h-iciriperature* electric furnac'c'.s 
anel the*rmoc*le*me*nts; also c*xtc*n- 
sivc'ly use*d in alloys. 

Jfon 'l-'e;. .Xioniie* numb<*r - 2(>; 
;ilomic we*ijt>ht Known since* 

early anticpiity. I'asily o\idize*s and 
freely c'onil>inc's with otlic*r e-lc'merits 
and is, lhi*refbre*, fiard to obtain 
in its pun* stale*. Xle'lallic' iron 
is ste*e*l-irrc*y and mallc*able*: has 
the* hii^hc'sl mai^nelic propertie*s of 
all inc’tals. (loinpounds of iron 
and ciirbon (si(*e*ls, containing from 
<».2 ic^ 2 pe‘r ee-nt carbon, and pit* 
irons containinju^ from 2.7, to 4 pe*r 



cent carboiiy Ibrrn ilu* basis t>r ih<* 
iror» and industry ol' nur 

llu* principal ori‘s iire* hc'inatilc* 

>.{, inaiirjc-lilc* iron c ar¬ 

bonate- Ol- side-rite* - Kt*CX >.. aiifl 
hydrous oxidt-s of iron F(*oC).,nl !.,< >. 
1 he* c-jirlh's criisi contains 4.7 j>c*r 
< e-nt iron; the* cosnieis contains more-. 
l<oc;ks with rnc>r«‘ liian ;^o pi-r cent 
iron are- iron ores. 

Ar)/>/o/;,Kr . Atomic ininibi r 
atomic- wc-i^ht Inert i»as 

disciivere-d by Ramsay and irav- 
I'rs in le'JcjH; name- de*ri\e-d iVoin 
the (jre-<*k word kiyfito\, nieanint; 
liiddf n. ( )c-c nrs as ;i conMiuic-jit of 
the- air in which it is <'onl:iine-d it* 
nc’i»liiriIjl,' cjuant it if’s. 

iMtiliifoiuin < I .a . Atomic num¬ 
ber ',7; atomic wt-it^hi i^fkcr-i. 
Rai e--e'art li ele-me-rii. I )isco\‘t-rc-d b\ 
Nlosandc-r in name- d«-riv'<-d 

from the- ( ire-e‘k word hmihvnt'in, 
me*ariint> hide-: constitne-nt of the* 
allo\ use cl for '‘flints" in e it^are tt* - 
lit^hlers. 

I.nnlhatunfi\ > ia t iianide-s . Se-e- unt - 
4 (irlh t'li'nh'Hf 

' I'b - Atomie niimix i ; 

atomic- wfit^ht •je» 7 .:^i. Known 
sinc e- i-arK anticfuiis’. l^»Uiisli-i^re-x. 
soft, h(-;o \- iiii-tal. Spe-c ilic !»rii\ ity 
11.44: ine-lts at 4 -i 7 lias many 

use-s. i se-d f hie-fly in the- inann- 
fac-tnre- 1»!' e idjie- she aihint^ and 
storay<--b;it te'i'N plate a laii4e- 

amount of it is nse-d in tla- inanii- 
l;ic tine- of bnlle-ts and shot, ('.oii- 
stitui-ni of m;ins' aliens: balibits. 
tyj>e- mi-l:ds, e tc-. C -omponnds e>i 
li-:id ;n-e- vise-d as a w-liitc- jiaint. 

()c e nrs nuiiiiK- in t»al<-n;i i l*bS 
rrom wliicli lead is e-xtracle-d. 

Lilhiunt <, 1-i . .\tomic- nnmbe-i >1 
atomic we isj^hl f).<)4o. I la- lic^hte-si 
rnc-tal. la^lile-r than writer fspecilie 
U^ia\ il\’ • 1 ^ist o\ c-re-d by .\rf‘- 

\ e fison in 1 f»i 7 1 name-. de-i-i\ e*d 
Irom the- (ire.-e'k wc»rk lilho.\ stone*. 
Iie*lein^:s to the- <_*;rotjp of alkali 
me-tals and is known Ibi- ii.s vc-ry 
liijuli che-rnie-al a<-li\'ity: close 1\- 


re-.st-mblc*s potassium and .sodimn 
<*hc-mic. ally. Ii.n salts colour the* 
it-sl flame- bright re-d. l-'.nconnirre'd 
i>iily in c-oniponnds: tiace-s of it 
are* round in the- waie-is of inaiiN' 
mine'ial sjiriii.u^s. I se*d in the mann- 
iac lure- of batferie-s f(>i- submarines, 
ill spe-eial alloys and in wi-lilint; 
alumiiiinin ware-s. 

/.itfniutn ; Iaj . Atomic, nnrnbc r—71 : 
atomie weifc^ht i 7.|..c)p. Karc-e-arth 
« Ie-riH-ni. I )is( cj\-e-re-d siinnltani-onsJv 
b\' l.’rbain in I-'ranc e and b\ Aii«-r 
in fit I many. Tie- foriiur named ii 
liile-c inm afn-r the i»ld name- ol 
Paris: the* latter ^a\i- it the- iiame- 
eef cassiopeinin. l>oiI» names art- 
nse-d in hter;i.inre-. I'ln- name- nst-d 
in the Soviet L’nion is Intc-eium. 

A/ai^nr^funt { M<4 . .\tomlc mim- 
ber ij: atomie we-i^ln 

Alkalinc -carlh rrulal. I>isc'ov-er<-d liy 
c-lec tj-oK'sis b\ Dav y in tMoh. .\ani<-d 
after flu* iniiK-rai nlha. 

Mat»ne-sia is a localitv- In (»r<*e-ec*; 
otha mc-ans white. .M.uindant in 
nature*; cimsiitnies u?.”, pe-r ce-ni 
ol the- wt*i|L»hi of the- c-arth's crust 
;md is a constituent of c;irl>onale* 
anci silicate- rocks. I'aitM'nious 
aineinnts ot‘ dissolveel ma^nc-siniTi 
salts are- Iduiiei in sea-vvali'r: lit»ht 
spt-c ifie grav ity i-7f and malh*- 
able*: ve-ry ac tive- e he-mic allv , hnl 
sUtble- in rdlovs. Has foimd c on- 
sielc-rabl'- ;ipplic a I ton in the- a ire raft 
inelnsiry in ihi- form cef inasj^msinm- 
ainininium rdloys. 

AJiin^nufSi' < .\In . .\toinic- nnm- 
!>e r ; atomie- w e itehl A 

silv e-ry-\vhiti*. hard ine-iat. I )is- 
cove-rc'd b\ Selit-e-lf* in I77f. in the 
mineral py rohisiie- ■native- inan- 
i».ine-se- dioxide- sorni'i lines e alle el 
hhuk niav;in‘sia, he-ne-e the- name- 
of the- e'li-int nt . \ i iy abnndani in 
naiure: forms ae ctimulat ions of blac'k 
]>\rolusite' in marine* se*dimc-nls. I sed 
in metalinri’v for improving the 
cjiuililv- ofste-c-l. in the paint inelnsiry 
and in many branelie*s of the* c he'mi- 
ral iiiduslrv. 



httn. I >is<‘o\'<Ty til' an 
nuTii wiili tlir a(onii< ninnlx-r of 
\v;iN rt'porU'cl in i'his 

<ii.stc»\'rry is nf>l ri-fotjni/.i'tl Unlay. 
Sft' tfihm'tium. 

yit'Hflt'liihnn I'NIx . .\tt>ini<' num- 
l>rr loi. (>huiini*il in ih<* I'.S.A. 
in If),")*, l>y bnmbardini:' < inst<*ininni 
witli Iii^h-r-nri'^N' alplia paiii- 
c i<'s. Xanifd in lionoiir ol ihr Russian 
i'lu inisi 1). \li-ncli*l<*> r\. 

.Mt'rcurv Atf>iTii<* numbtr — 

do: atomic' wc-ij^ht .2oo.(i i. I be* 

only irioial Rnmcl in a licpiicl Male- 
uii<i<-r normal ronclitions. Known 
since* **arl\- aniicpiiiy. Katin name 
liyclrart^yriirn ? su nis Irean tin* (irt-t*k 
woicls hvrior tin^yyo^ liquid 
Sotidilies at ^- boils at 

.r"»7 ^^iix'cilif L^^a^•it\ i d-b. liis- 

sol\'<*s many metals 'jirold. sil\-*‘r. 
e<,ppe'r ;ind tin yi<-ldini>; liquid 
and solid aliens called amiilj^ams. 
Its va]x>i.irs are’ very poisonous. 
I'sed in iillint* varieeus inslrurnencs 
lot e’xatnpU , ihe rmoine'U'rs . in 
me'dieirie, in e’Ntraciin*^ tjobl licun 
(n-e-s and in manut'actvii in^ me‘rc-urv 
iidminale’. one ofllie most important 
detonators. Mnc ountc-red in the’ 
mineral c innabar . Hi»S . 

.\Iolrhfh:riutn f.\Io . Atomic num¬ 
ber |.'j : atomic w e-i^lit - q,"). 

(ireyish-while* nu tal. bard anti mal- 
b-able- at :.i hiy:}i te-mpe-ralure-. 1 >is- 
co\ere-d by Hje-Iin in 178.2, hut 
puic* molybde-num was produc <*d 
Ijy Aloissan only in 189-,. 4 'hc- 

name* stems from llie (jre’ek word 
malybfltKS, rneaiiiiiju; le-ad. be-cause* of 
the* rese’inblant e* of ilie* latter tej 
the* rnine'ral nicely Inle-niie. l*V»und 
mainly as mol\ bde*nite’ or mi>lybde-- 
num disulftitide* (Mc^.S., . a mine-ral 
wJiii h e\ie*rnaliy r<*.se*mble*s ^raphiu*. 
.\I<*iaJlic nioi\'bdenmn is us<*d in 
sie'cl alloys to make- the-ni \«*ry 
liard and durable. Its alloy with 
lunt^ste-ii replaces plalinunt. ,\l.so 
use’d as an aniicathexle in RoeTiti^e-n 
tube's and I'or the ;in<'liors that 
support the lunirsien iilament in 


c'lc'ciric’ bulbs. C^oinbines with carbon 
to form the carbide NToC'.,, a N’ery 
hard ]product. 

^\'i‘oflyniiinn (Xd ■. Atomic num- 
be*r — bo: ate>mi<' wei.cjhi 1.^.4.27. 
Kare-i'arth element. Discoveretl by- 
Auer in idd", as a result of splitting 
didymiurn. formerly consitlered ;in 
e*le-ment. in two: ne-odyniium new 
twin and ]>ra.seo<b-mitmi. .Xeodym- 
ium salts arc* ])ink-re*d. 

\con I Xe . Ale>mi( number.10; 

.itomie- we ii;lit JO. Xobli* tjiis 

dis<-i;>vere*d b\- Kainsa\- and 'Trase rs 
in ibejfl simultaneously with krypton 
and xe-non. Xante ele-ri\e*d irc^m the' 
< »re*e*k woi-d 7 iiU)s -- new . I'aie tmnle-red 
as a net<liyfible iKlmixlure’ in the 
:iir. I’sed for lillinij t^as-lii^hi 
himps ne'on lamjts which emit a 
re-d lii^hi. 

.W'plunmrfi (Xp . Atomic nuin- 
l>e‘r <);p rir.st of’ iransuranium ele ¬ 
ment.. I'rodueed artilit ialK in iqjo 
b>' bombardmt'ni of uranium with 
iie-ulrf)ns. Radioaetiv I-. ij ise>ie)j>e‘s 
an- known toda\ ; the lon.i*e’st-h\'e*d 
isotope' is ihi' oite' with art atoinie 
we'ijLflit of •J47: its balf-lil'e is j.j 
million \<'ars, C Ihe'iniealK- rese-inble-s 
uraniunt. .Xained afie'r ib<* plaite-i 
Xe'j>ium‘. Oc curs in ne-gli^ibh* (pian- 
t ilics. 

.VVr/.r/ I'Xi*. Aietinic nuntbe'r jlt: 
aletiuie we'ijyjhl "jfi.ltq. Silvery-white-, 
ratlit'r hard metal, i lie name- sii'ins 
from the* minc'ral ANpfrtnirAr/ wliic h 
means worthlc'ss coppt'r. l!)isco\'ere*d 
by C'.ronsle'dt in I7.">i. Melts ar 
I- faft ^ C)<-eurs in c'ombinalioii 
with suljthur ea* in silicate' ores. 
Widely used for nic'kc'l-plal int;. 
in the inanufactun- of s]><'C’ial stc'e'ls 
;uid as a catalxsi. 

.Viohiinn (Xb . .\tomic mmibe'r 
.} I : atomic: w-c'ijt^hl <)'J.c)i. (in'yisb- 
whiie. hard and malleable* nte'tal. 
{>i.sc'cwe.*red by I-lalc'ht'l I iii 1801 
artel nanie'd cctliimbium by the 
disc o\-e rer. In i8.jt» Rose* cli\’ided 
columbiiim intc» two c'Iemi.*nts 
riiobiiiin and tanlaliiin. I'be' name' 



(tihiinhiinn |H i sists in .\iiH*rir :i, \vhil«* 
niuhtuNt |)r*v;iils iri tht* MurcjjK-an 
roniilrti's. .Naiiifd altri* th<‘ n\'inph 
Xiobr. th<- of 1 aiitaliis. 

( in its ]iMr«- nI;U»' in 

**Mraortlinarily .slabh* au^ainsi various 
rtK'niival inflm n< i .s. l‘'onn<^1 c Iom Iv 

assrM’iatrd will) tantalnni and tiia> 
niinri. L srfl in s]>v< ial aJloys anfl 
in sli vls for tin- niajintar inr*' of 
\ rry irn|Jorlanl wvlclrtl slrn» lnr* s 
sine*' iIh- arlditicm ornifibinin m'«*atlv 
t-nha n< «-s i h<* si cjr\v<']dc'<! svains. 

I’anploN «*(l in th«‘ prociiu'tion <»! sii|it*r- 
liard alloNs : ollvrs srrif)ns ad\aiitai'i s 
fV»r rlfi'iM»-\ac imiTi vnt;iiu-«’ri!n». 

X'. luntibtr 7; 

aldinic' i ^.ooJi. ( !olfjnrl«'ss 

i^as tonsiiuiiin^: \ ", of ilu- \<iinint 
of thv sinrouiMlint: air. I'iiNt iruli- 
i:»lions <»f thv c-xisifra*- of nilr<#ft'‘n 
as a -srpariilf substiirn*' N\< r<- inad« 
bv Kiilb<‘rfor<} fi77'J., bul it was 
oidy bfi\c»isirr who pro\rd ihai 
ii'^was an <-h irirni anfl w In» tjiiw 
ii ihc tiatnr f>l'azi»n‘ ihr (»irrk for 
‘’lifrli-ss*’ . I'hr batin n;nnr Nilrr*- 
yriiinm an<l ihi* niodi'in r.n.i»lisfi 
narnr niM'<»,i*rn orit^inalrd Iroin nihtm 
s;dl|>rliv inifl I'vnns. Jn addition 
l<» lim air, inlia^^rn is fomx<l in all 
liviniif ori*anisins, as wvll as in dm 
form ol dm sa!i])x'trvs. i.v.. tlm ni- 
strati* of sodium ami poiassiiint. I'rv«- 
nitr<»^i'n is nsvd in «*li <’iri< lamps: its 
1.1 iinjjfiunds am of vnormons ini- 
pfu tarmi* <is r<Ttili:i^vrs anrl as « on- 
stitm nls of i’>i]:)losiv«-s. 

()s?niuw ' (>s . .\lf>inif nninbrr 
7b: au>mif wi'itiht ipo.j, Jinloni^s 
u> iht* jE?r«>iip of pliiiimim iimials. 

1 )isrt)\’rri*d i)y 'rmnanl in ir>o;;: 
niimt’ drrivi’fl frf>rn lh<- t »rr«*k w'f»rd 
fwloril'i*rolls lji*( ansr tlm va- 
poors of osrnii Jinhydridv sini’II ol’ 
rot ton radisli. ('Imrnirally \ i*r\- 
slabJv rh-tni*nt. Spi'ctlif' ti^ravity of 
j'j.fb. is tlm hii»lmsi of all ihi* 
sul^starurs on varlh. .\lrlls at 
•2.*)Oc» C^. < )ff iirs in its imtiN c stati* 

toijji-lhrr with ]>laiiTuim. .\llt»y of 
osmiiiin and iridinin is mu fiinmonly 


hard and is nsrfl lot ti)>s oi lonntain 
p**ns. 

Owitcn Atomic’ nombfi 8 : 

atomif wrii^ht it>.of>oo. Tlm naiim 
litiMally inr:ins *‘a< i<l foriiu-r." f)is- 
» own'd by l^rivstlrs m 177]. I'.xtraoi- 
flin.'irily aboridaiit in nainm, <on- 
stitntiri^ p***‘ < <'nl of tlm i iirlhX 

(rust by wi itijht. Plays an i‘normous 
jiarl in natural prof nssi s: f *uisiinivnt 
of waii-r, most rnin<*rals and 
f»T i*anisins: \\ifh l\’ nsi-fl in mrlal- 
hiri>\ in dm smi’llinn; of pii^ irom, 
in antoi^inons wnhlinu and in a 
iiiinibrr of braiu Ims oi’ l hi* i Immifal 
indiisiry: liipiiil oxs^rn or licpiiil 
;iii ;im nsrd as pow c-rliil nxplosiv ns. 

Pnilfitittim ' Pfl . Aiomif mimbi r 
{b; aiomif wfiiujht iof>,7. ]'.|i*nu'ril 
fif tlm ]>latinum t*:toLi|>. Disifnnmd 
b\ WfiHasioii iit 180;; aiul nain«*d 
in hoTUMir f>f tlm small planrl 
asiiroid Pallas. Soilrsl anfl most 
inaUnabli' of all tlm ilirnrnis of 
dm ]jlatiniiii> ‘.^ronp. Kiinarkabh* 
for its abiliix' to absorb tmnmjidous 
;imf>unis of h\drov:i*n o]> to ;?oo 
\oJnm«*s pi*r oiu* \ohmm ol' ilu* 
mf*tal whih* ntainiiii; its mvtailir 
a|)pniiranf i- bul inin asini^ in 
volume*. I si'd in jrwi-ilrrv bwansr 
of its bi*iiiiiy. 

J*ho\/t/iori/\ »P . Atomif' nntn- 
bf*r I;",; atomir wi'i^jlit 8‘*-P7.')* 
Kvcrivi'd its nami* bnrausn of its 
himiiii*s( I'lif t* ■ Irom tlm (imrk words 
/fho> lii'hi and /*/ioto.\ bnarintj.. 
nisfOM-rttl b>' Brandt in 
Sprciiir i^ravity i.8;^: nulls iit 
4^ C; bf>ils at jl?o.*| (I'lm 

rollow'iii.i^ varii'lirs art* known: v'rllow 
)>lK>sphi>rus. md i.ihosplu n tis; in 
ipi 1 ]^rid.v»t*man ])riuhu’icl blaik 
j>hosj)liorus. Abundant in tlm narth’s 
c r\isl in tlm form i.>f ])hos])hatrs; 
I oiisiiiimnt of numrrtxus miit«‘rals: 
apatite*, lurquftisi*. irtin phosphalrs. 
fojjpvr jjhfisjiha ii*s, vie. LXi*<l in 
dm mamifaclurr of matfhvs. in 
ilu' pi'fKhu’iion of smok<*-s<'ri*f*ns. 
kinflliiiu subslarui's. ntf . Phosjtho- 
rims aiul apatite* am tlu- most im- 


1^7 



portfirit l iiw liiatcriais lor I hr |»r<>- 
cliK'tion of {>hrisplH>riis-('<)ntainifi<r 
fri hlizri s. 

Pldthunn { 1*1 . Atorni* iiiimijrr 
“H: aiciinir wrii^lii C’hirf 

rJriiU'iit of thr |>l;i(inLini ijroiip. 
nis< < r< cl by Aiilonio I/IU>a in 
in thr ufolcl-brarini^ sand of 
thr l*inio Ki\rr; as an indrprndrn! 
t'lrrnrnl drst ribrd by \\'atsf»ii in 
I 7 "’,<), .\anir slr'rns from dir Spanish 
word a diiniiiiil i\<* of fttaia 

silvrr. S])t < ili< iri av itx- i i ..j : inrlis 
at i.77:br) ^ Sliininij. iiial]ra)>ir 
mrial: thirs luit rhani^r in thr air 
rvi'n wln'ii hrjitrd to th<- hii^hrsl 
l^ossiblr trnijx ralurr. As a rrirar- 
tJiry and chrrniralb' stablr rlrinrnt 
iin<ls rxtrnsi\»' ajipliration in s< irn- 
tifir and tc‘c hni< al laboraiorirs. < >r- 
^ iirs iiativr. Minrd mfjstiv' in plarc-r 
d«‘pt»sits. 

Plttfonunn . Pu . Aloinir iiuin- 
brr p j. l iist artilirially pr<»dii< rd 
in ip]i by boinbardnunt of tira- 
niiini v\itli drntrrium iniclea of 
hrav \ hytlromri. I<adi< laf i i\f. 
isotoj)«'s air knovNii today. J'lic 
lon^« sl-li\'rd isot<^>pr is I hr onr with 
an at<inii< \N<*iirht o( -JIJ!. Its lialf- 
lilr IS ",00.000 yars. Isolopi* jjp is 
tlir lia.sic produrt for obtaiiiiiit*: atoni> 
ir rnriLjy; < limiirally rrsrnibh's iira- 
riiiirn. .\anir<| afirr iIm- planri 
Pinto, i^'fMind as a nrt»Ijt;iblr acl- 
niixlurr in naii\r uranium or<‘s 
about I ai<im of |.)iul<iniiini prr 
1 {.r>.<>o() million atoms oi ur;tnium . 

i* 4 )fonii 4 }fi : 1*0 . Atomic* numbe r 
f*4; ri tomir wrii^ht 'jio.o. Radic)- 
arii\i- rlrm»*nt. 1 )isro\'rrrd by Marir 
( airir in i dpfl and namcei in honcM.ir 
c)f hrr riali\*e- Poland. I la-i not 
b(‘<‘n prod 111 «-d in its slate-. 

C nn rnirall\- va ry i losi ly re-srniblt-s 
te-lluriiirn anil is a irn inbi-r of the 
uranium se-i irs ol ladioai ti\ i* ide*- 
rnrni.s. Its half'-lil<- is <l«'»yN. 

/*nfa\.\ij 4 fn K . .Vlomii imrnbe-r — 
Ip: atomir \ve'ii»hi I'ir.st 

isolale-tl by rln tr<il\'sis i'l om raustir 
potash b) Dasy in 11*07. l.aliii 


namr ( kalium j comrs from ihrarabir 
word alkali \ Mn(* lish naiiir from 
potash. Dors not 01 ciir naiix'r but 
is vrry abundant in silirali's and 
baVu\i‘s. i'br potassium isolopi* 
liavint? an atomic wris»;ht of 40 is 
radioactive*. Potassium is a sibrry- 
whilr mrtai. soli ;is w;i\: o.xidiz<\s 
rapidly in ilir air and is. 1 he re-fon*. 
ki*pt in ki*rosrijr. Me'Its at. b;^..", Cl., 
l>oils at 7t>j Cl. It is Jij»:htrr tlian 
wate.*r spec ilir ijra\ ity o,b()-j -. W ith 
sodium yields an allt>y which is 
li(|uid at usual tiniprralurrs and 
wliich ran rc'plarr nirrrury in 
the'rmomrtrrs. Mrlallic* potassium 
Imds \(‘ry little* ap|)liralion bri‘;uisr 
it is re*j>l:ici'd by rlirape*r soc:liuni. 

PHj.sf nt/y}niutn i Pr . Atomic num- 
be*r -,c^: ;itoniir \\(*ijL*hl i.pi.erJ. 

K;ire*"t*arlli e*li*mi*ni. J )isro\*i*rt*d 
iojL*<*tlit*r with nroclymium by Aui*r 
in ifiP*",. Name derixetl from tin* 
( ir<*i k words and f/i/lv?nfi\ 

i»re*e‘n twin. Its s:dls are* i;rre*n. 

/*nanr/liii(/a •'Pm . .\iomi< num¬ 
ber* t>i. In .\Ie*ndi*li*\ e‘\'s periodic 
syslc‘m Ioc'att*d in the* uroiip ol’ 
rare'“t‘arl h eleinents. Clh(*mie alK' 
isoiate ci from fra.ume*nls of urtiniurn 
hssi**n as a relatively lon.i;*livc*d 
iseitopr with an atomie- niimbe*r 
of 117. Its half-lilr is close* to 4 ye'ars. 
Xainecl in honeair of the- rnytholotri- 
cal li'rui Pre»me*iln*us. 

Pf4.}f(i(/'f/niai I Pa . Atomie numbe'r 
-ffi : ill »mir we inhi Sil\i*r\- 

w bile* rne*lal. Kaclioai liv e* rlrmrnt. 
Di^re)\ c'l rd bv* Hiilm and I.ise* 
Meitner in ipi7. In ip:^7 Cire*sse* 
isolale’d ;i frae lion of a irram c/if 
fre*r protactinium. Name* d»'rive*d 
Irom die* ( ;re e*k weirds and 

adimts first riiy. ( )ce*urs lo!ne*ihe‘r 
wiili uranium and is one* iff the 
|iro<lucis of its ilisinlc-i^ration. Tts 
half-lile* is 4 , 2 oe) years. 

Radian} : Ka . Aiornic nuinbe r 
eSe*: iitomic we*ii^Iit l*'2().o",. Sil\t*ry 
ni«*tal whic h de-c’ompose's vviitrr iit 
t^relinary le'inpe-riiture*. Isiidioait ive* 
<*li*me*nl c>f the: uranium serie's 




(liscoxrrrtl by th<* ('iiri<*s in 
}>il< l»-l>lrnclt' in j fi<)8. Naim* cli - 
riv<*cl from tli«‘ wfiri-l rav. 

(’lirini^ ally vrry ( losrly rrsrinbl«*s 
\iariuni anc\ i\ ^-s. vt*ry 

hart! !o st-paratr tin- sails of ratliiiin 
IVoiTi lht>sf oi’ barium. Tht^ most 
r»*!naika!>l<’ pi-oprriy t>r ratlium is 
its liiiyh ratlioaclix’ity. .st‘\ rrai inifliori 
linirs fliiit of uranium. 1<;itliiim 
rini ts ai]>ha, lx‘la. and L'ajniTKt rays, 
'rin* salts of ratliuiTi ar*- luminous: 
the rays it rmits, in aritlition to 
at'tiriir on plioto>plah's« protluf.t* 
many t lit-miriil r«*at tions. tl<-slroy 
animal ort*:anisnis anti kill bat tt ria. 
’I hr itbilitN- of ratlium intrssanlly 
to lib<'r;itt- laiajc- amounts of i'ni-ri.^y 
is pariif uiat'K asttmntliii^. Its hall- 
lift- is 1, "jflo yt-ars. l 's**tl in iiK'dit iiic* 
for trratint^ t’aiK<‘r ;niti lupus. 

J{iuho<nliif (‘Innculs. C^hcanirai rlt - 
mrnis conlinuousK' rmittins^ in\ isiblt- 
ra\s wliirh like X-ra\‘s pt-rmtatt- 
thrtHiL»h x'arious suhstaiut's, nuikr 
llu* air rli‘t trt>rontlu(‘t i\r aiirl blat kiai 
))hoto-|>lal.« s. ctt ., an- t alh cl ratlit»- 
;u li\ r. Kays miiu<-tl b\ i atliiia* I i\i- 
<‘li‘m(-nts ar<‘ tlivitU-cl intt> alpha 
r<i> s. Ix ta rays anti .uamma ra\ s. 
Potassium isoitjpc with an atornic 
\V(*iL*ht of 40. t>n<- t»f thr ist)it>p(’s t>f 
rubidium, indium, lanthanum, sa- 
inariiim. and rhcniLiin. uranii.ini. 
ihtiriiiiri, ])o1<inium, ratlltun. prot.'if- 
liniuni anti all transuranium t-h-- 
iTit'iits ha\ tr |•atli^)a< ti\r ])rtjpfrtifs. 

Ration (Riii. Altirnit: numbt r (lb: 
att>ini<: wt-iujln u^j.o. Ifi-axiosi 

nt>liK‘ i?as; })rtjduct tif radioattivr 
transformation of ratlium. Sht»rt- 
h\rd: its lialf-lili' is days: 

tiansforint'fl into lu-liurn anti solitl 
subslanco ratlium -\. 1 )ist fi\ t-n-ci b\ 
I>orn in ipotj. 'J'lu* namt* stonis from 
tin* saint* root as th<* wtird ladium. 
Was alsti talh'ti ratlium rinanation 
anti niton. l,'st*d in trt*atiii]^ f:ant.tr. 

Rare earths t'i'R *. lk>x ”,7 of 
Mrndtrleyrv’s Pt-riodio J'ablt* ton- 
tains not one rlornfiii, as do iht* 
othfi* bt>xt*s, but 1") ritisriy rclalfti 


t lfint-nts. 'rin'ir atomit numbers run 
from j 7 to 71. I’hfst* (•lrjnt*nts art- 
unitt-tl undt*r tin- mix'ral iiil<* of 
ran- «*arths i>i “rarf-i artIP’ i-lfint-nis 
<»r. finally, lanlhanoitls ' lariihanith's 1. 

I hr ran* rarlhs int luth* himhannm. 
ft-rium. prasfodynhurn. nn»<l\-tnium. 
])rom4‘thium. samarium. « urt>pium, 
^adt>iiniuin. ttrlhum. t IxsprosiunK 
holrnium, «*rbium. thulium. yit<r- 
biiirn anti lult't iuni. ^'tlriuln <'No. 4<|; 
is also f onsid<‘rt‘d tau- of tht* rart*- 
<-arih «-I<*m<-nts. 'rv\o groups of ran- 
<‘arths an- distintruisht-f 1: yttrian anti 
t t-rian. All I lit- ran- <-arl)is an- v't*ry 
mut'h alike in tht-ii- j>ro}jf:rii«*s. In 
their free slate these metals ha\ t- 
\'ery hii»h riiel liner points; they 
tlet t>in]>osi* water at ordinary lem|>er- 
atun-. In natun’- they are always 
encDunten-fl ini.\»‘d with eat h 4»tht-r. 
It is eery diflit ult to di\ idi- the rare 
tarths. \lt>nay'.iie is tin- main rare- 
earth eontainin^ iniriei’al. ( )nly 
t erium has so far at cpiirefl {>ra( lit-a! 
im])orlan< c. I’lit* history t)r tlie 
distt>\-<-ry of indixitiual icpri-senta- 
tix'es t>f iht* rare earths is rather 
<:t>rnplieaU‘fi. 1 he exisit-iue of a 
j-arth*’ was first established 
by liadolin in 17P.4.; tin* last of lln- 
ran- earths to lx* diseoxer*-d was 
luK-eium: jinain-tliimn • Nt). (>i was 
artilicially produtt-d i-4e<-nil\. Ad- 
tlitioiiai information t>n the intli- 
\-itlual eleini-ms of tin- rare-earth 
3Ljn>ij|> will lx* found under their 
naint-s. 

Rhenium (K**). Atomic- number - 
7',: atomit: w eijrhl < )in- of 

till* most dispersetl t'lf*m<*nls tlis- 
<’ovt‘n*d bv \1. anti \Inn-. Nt>fl<iat-k 
only in ifr-i",. .Nairu-tl aflt-r the Rhine* 
River. Its j>ro]x:rti4*s had be<*n pre- 
dieled by l.>. .Mendeleyev. who 
nameti it tl\ iinant^ane se. In i*xternal 
ajipearancf* ni<*taliif rhenium n*- 
seinl>h*s platinum. It is one of the 
h<*aviesl anti most n’fraetory t*J<*- 
int*nts. I'he nx-tal is parlieularly 
\aluabh* for tin* tlettrital intlustry 
bi-t ause it is usetl in the manufaeture 





iilami nts lor lri<' bvilhs \\ iii< L 
arc more <Uirablc ihan inrijufsicii 
filaments. It is also used in alloys. 
Occurs in iVie rninc'ral inolybdt*nile 
in iiinoiints whieli do not extrecci 
0.0000 1 pcT c'enl. 

RfuKliinn (Kh‘. .Xtomic' niimlx r - 

; atomic we ight loi^.pi. blein<*nt 
oi the platinum .i*roup. 1 )iseo\ cTc*d 
in if!o.| by Wollasl*»n ; name* d<‘rivc-d 
from tile* (irc'c'k word rhothm pink 
because of ibi* colour of its salts. 
< )(c urs nativ e toircther w ith th<* 
platinuMi e’lemenls. An allo\ of 
platinum and rbc»diuiTi is u>fd in 
ih«’ manufac lur«‘ of instrunu'iits for 
measuring: Jiimh tempe ratures 'ihc‘r- 
mocouph's ’. 

Ruh'tdiuiu (Kb'. Atcmiic' niunbea* 
;^7; a(f>ruic we itjhi Ide-me-nt 

of the- alkali 4*roup. J)isro\eri‘d by 
liunsen in idtii by spee tral anaK'sis. 
Named ;*fter the* characteristic* re*d 
line s of till* spc'c trum \ruhifbt\. dark- 
I’ed . In its propc-rtic's it is very 
close* to socliuin and |.>oiassiutn. 
Specific i*ra\ity i.’yj: melts at 

Sp C’. : boils at <ipt> C < )c c urs in 
e*xirc*mel\ dispe’rseci state ; the* lari't'sl 
amounts (up to o. i pc*r c <*nt * arc* 
found in ama/.onile (^i-ec-n feldspar;: 
apf)rt*c ial>lc' c|uanlitie*.s of it arc* fc.nind 
in the* mineral (arnatlilc*. Kiibidium 
is radioactive: it emits only bc’la 
rays and is iransforinc*d into stron¬ 
tium. Its lialt-life* is 70.000 million 
years. 

Ruihmitnn • Ku’i. Atomic numbc*r — 
4-j ; alomie weight 101.7. Platinum 
element. Diseov l•I■c•cl in by the 

Russian seii*ntist Klaus in the city 
of Kazan and named in Jionour 
of Russia (Rutlic'fiia in Katin Tnc*ans 
Ru.ssia . Brittle. Spc*eifie ti^ravity 

melts at 14)r)0 (( )ec*urs 

i-Ot?c th<*r with <^lhc-r c*Ic*mc*iits of the* 
platinum jt^rouji. It is extre*me*Iy rare* 
and hiis therefore found no appli- 
cat ion. 

Sanuiriw/t ( Sn 1 ;■. .\ ioni if: ti u mber* - 
(i'j : atomic: vvi*iirht i-,0.4;^. R;ire- 
**arth el<*mc*nt. I^iscox c j e*d by Ke<‘oc| 


de Boisbiiudran in 1B7P and iiamc.*d 
afie-r the ininc*ral saiiiarskiii!. It 
eolours the flame of the v'oltaic; arc 
a ]iink-red. It is radioactive: c*niits 
only alpha rays and is 1 ransformc'd 
into nc'odyinium. 

Sctindiiitn (Sc i. Atomic* numbc*i*- 
•j r : atomic vv<‘i.!^ht - 4 |..pf». One* of 
the most dis|>c*rs<*d c'lc*mc*nts. Its 
i'xisienee* was assumc*d by 1). Nlen- 
dt*li'\*e\ in id7i. I >isec>vc*recl by 
.Nilson in 1B7P l>y spc‘c*tr£il iinalysis. 
Its pro|»c*rtit's are not \e*r\ wtdl 
known. Named after the Scandi- 
na\ ian Peninsula, 

St'itttiurn Se . .\iomic numbe r 

I : :ttomic wei^lii 7d.p(>. Dis- 
co\i*rc*cl by B<*rzc*lins in idiy: Ti;nnc‘ 
derived fVc»m the (iie-ek word srUnr-- 
moon. ( londuc'ts elec tric* eiirrent. its 
resistance- varv intr ith det^rca* of illu- 
mirnition. The use* f»f sc leninm in 
phoioc*leetric‘ c'e*ll.N is basc*d m.'iinly on 
this prc»}>e*it\. Inc he*mical proi>erties 
it is c lose* to sulphur and. c*spc*c i;illy. 

tc» te'llurhnn. Spe c ific* uriivily.4.8: 

mc*lis ;ii *217 C i.: boils at (idd C!, 
Found in a disj>c‘rsc*d state its a small 
admixture* in sulphur. In addition 
to photo-ce lls, sele nium is used in 
electrical c*n.i*inc'erinir. in tlic* riibbc*r 
and ulasN industries and in leli*- 
vision. I It^vvc-v'c r. its uses art* <*x- 
trcniely^ limited. 

Silioni {.Si>. .\lomic' number i..j : 
juomic wc'i^ht -^fhoti. Second inosi 
abimdatil c*lc*inent (aflc*r c>xyi*eni. 
.Nc’V'c'r occurs native*, but in t*oni- 
binatioii with oxv'i^c’n (known as 
silica -SiO^,! or salts of silicic* ac id 
(silicates*. f.)uartz and its numerous 
varieties arc* composed of silic:a. 
'I’hc* most important te c hnical prod¬ 
ucts. such as tflass. porc€*lain, c*f*- 
inc*nt and brick, like* the main 
rocks lE^ranile. basalt. s\c*niu*, etc*., 
c'onsisl. primarily, of silicates. l>is- 
c*o> c*r<*d b-v* (»ay-Kussa<- and 'Ffic^nard 
in I Bio. but its nature as an <*lemc*nt 
vv£is c'slablishc'd by B<*rzt*litts only 
in Fhc' name* c*onic*.s frcjrii the* 

word \ile\ me-anim* stone*. 





Si/rrr ( Ag ,. Au>mi<’ iiiitiib(*r 47: 
atomic* wc-ivjht io7J?H- NohU* mc'tal. 
Known siiM'c* t'arly antic|ui(y. Pure* 
silve r is while', vc'iy soft and dnc*lil<-* 
.Specific gravity i**-.")' melts at 
p<>o. -j (: in Its pro|>»‘rtii-s rc*s**mt>l«'s 
i^olcl and <*op|><‘r: floc-s ncit chiin^c- 
in du' air and is ve'ry mallfabic*. 
Ih'St condiKlor of h«.'a( and e lec tric - 
it\-. C )c c ijrs nat ive and in coni- 
l>inatioii witli stilpViur and c \'klorii\«'. 
Silv t-r alloys \ lor I ht' njaimlartnre 
of housc*w icrc's, |fw<*lry and silvta 
coins. 'I'hc- Latin name- (arm ntnrn} 
stc'ins IroiTi the- .Sanskrit word 
«'/ 7 "< 7 /cy\ c lc*ar. 

Sitfliutn (Na.'. Atomic immher r i : 
atomic wcai^ht SiKt'ry- 

while* mc'tal. as soft as wax; oxidizc*s 
in the* air 1 is ke pi in ke-iose-nc* = and 
is li.t;hte*r than VNalcT (sjjccific jj;ra\- 
iiy -0.971 /. l.)isc'o\e*re'd by r>a\y 
in I do7 by c*l<*ctrc»Iysis of caustic- 
soda: I>a\'y's expe rime nts we-rc suc- 
cc'ssfnlly rc'pc*atc*d in P<*ie*rsburt»; by 
the- Russian c hc-niisi S<‘niyon X'lasov . 
Latin name* (nairiiiini de*ri\fd fVt^m 
tlu* .\ral.>ic word //c/Z/vy//rne'anin/^; soda, 
alkali, laiglish name cU'rive cl from 
“soda.’' Abundant in lutturc* in the* 
form ofsilicrates and halides. Sodium 
and its sall.s are \vid<*ly use’el in indus¬ 
try (ecMiimon salt, soda, (daubc*r*s 
salt, c*tc.i. 

.Stntnfiitm (Sr). Atomic nuinbcT 
4H; atomic- \ve.'ii4[ht ' d7.tr.j. Helorift's 
to alkaline-earth me tals. nisc*ovc*r<‘d 
in >790 by Oawforcl. .Metallic 
strontium is silve*ry-\vhite*, \-e'ry ac tive* 
chemically and is, thc*rc*forc!, c*n- 
e‘oi.iiit<*re*d only in combination. 
Colours the* tc*st flame r<*d. l.'sed in 
pyroic'chnic's and in the' sut^ar in- 
dustr\ . 

Sidfthur (Si. Atomic numbc*r -i(i; 
atomic* weijEjht -^.jiz.cybfi. Known sinc'c- 
hoary antiipiity. Has sc*v<*ral vari- 
e*ti»'s: rhiyrnbic, monoclinic and 

amorphic. The* crystals of sulphur 
arc* lii^ht yc-IImv. X’c'ry abundant 
in nature* both in its native* state.: 
and in the form of sulphide orc*s 


anel sulphates f'^ypsum. anh\eIrile*. 
ete. I. l.'se'd for piofhieticm ol sul- 
phurie' acid, in de-sircwinii a.t»ri- 
< iiltiiral pests f piiylloxt-ra > anel in 
the* rubbe*r iiidustr\-. (>>nstit ue*nt ol 
liunte rs’ j>ow<le r, mate la s. Jh-nujal 
lights, ultramarine* < blue- dye* .. Also 
used in ntc'dif ine. 

f antahnn ( I’a -. .\ie>mie nuinl>e r 
74: ate»iTiie weight - lelo.p^. Rare* 
i*le*ineiit. Disc i>\ c-re-d in 1 floia b^* 
l.ke*l»c‘n< and ii;»me*d in hc>n<yur of 
the* ( iif-«‘k iiwthie al lji-rf> 'f antalns. 
l'^;tsiiy mae hineei and kncjw ii for 
its e*xlraordinjiry re-sisijinre* lo \ arious 
c he-inic al inlhie*n< e*s. Lhis |>reypi rty 
is utilizec! in the* mamilacturt: r>i 
various impoi iani ehe micai ap¬ 
paratus and suri^ic al instrumi'iils. 
'Lhe* alle>ys of tantalum and carbon 
arc* note el for tlie ir e xtie*me* hardiii*ss 
wliic ii make*s ilu-tn \-e*r\' N'aiuablc* in 
the* manufae ture- of culling tools and 
drills. Occurs iiNvays toi^ellie*r will) 
niofiium and Ire’cpie'ntlv witli ti¬ 
tanium. 

li'chnrhttin n'c*.. Atomic numb<*r 

4;^: the first c hemical e‘le*ini‘nt ]>ro- 
duce*d artifieiallv. .S\'nthi*sizi*d by 
K. Pe*rrie*r and L. Sei»ri-* in 1947 by 
l.>omb'irdme*ni of niolybditnum with 
the niif:le‘i ol‘ the he*avy isotope of 
hydroi'c n - de*ute*re)ns. 17 of its iso¬ 
tope's are* known today. 'I'he* lc.^ni;est- 
lixe'cl isolojK* is the one- with an 
alenTiic* weit^hl of 99. (.^jemic^ally 

akin to rhe*riiuni and man.t;anes<*. 
Name* stc'iris from tJic* Cire'i'k word 
ti’chtteto^ cirtil'tcifil, lo mark the fact 
that it wiis the* first artilic^iaily pi’o- 
diicc-d elc*me*nt. Its propc-rties ex¬ 
actly coincide* with those pre'dicled 
by 1.). Me*ndc*lc*yt*\ , who liad namc*d 
this c*Ic*mc*ni c'kamaniiJ^aiic'se*. 

J rlturium (Tt* ,'. .Xlomic- miinbc'r 

; atomic- wc'itjlit - - 1 :<;7.bi. Dis- 
cON'c'i'c'cl in i 78'.<i b\- )*'. \Iuller; 

Klaproth confirmed this disc'overy 
in 1789 and ^;a\'e the* c-h'ment its 
name: from the l.atin word IfUmis 
«*arth, C.’he'rnic ally rc'semble's sulphur 
and. . espec ially. se le nium. J*"irids 



Iirnil«.*<l usr in ihi- c rrainit s in(ins(r>, 
in < (^lourintr ^luss and as an addition 
lo |[^as<>lin*- in order to arci-U-rale 
c't>irihiistion in tite nit(ines. 

lerhiutn ■ TIj . Atoniit* nuinh« r 
atoTni< wiat^hl Kare- 

rarlh eleinriil. I )is< <>\ <*red Tjy Mr»- 
sandrr in Xani<'<l alter a 

small n»\\n ^’tlerb\’ lu’.'ir wliieh iht- 
rare-<'arth minf*rals \ver«* fViiiiirl idr 
the lirst time. 

J htiiihnti ' l b . Atomir numb< r 
di ; alornit \\eit»ht Diseov- 

en il b\ Clrookes in iHtii by s])e< tral 
an;ilysis. Xaim* dr'ri\ ed from llie 
firei k w ord thnlltiS lyieeri tw itj 
l)ecans<- ol' lh«* screen colour (if its 
sj>t'c iral lines, .\jetal limbler than 
leail imd ver\ \<>latil<*: melts at 
'jo-t ( 1 . and <<)lon!\s the i<*si flam*' 
L;reen. lai<(>iint<'re< I in a <iis|>*‘rst*<l 
slate. rh«' priiuipal raw- maii*rial 
is the dust prodii<.«rl <liirintj the 
aiira-alint; of the snl|;>}hde ores of 
t ei’lain metals. V sed as a c'onsi itiieiil 
in at idprf>of alln>*s. in llic manii- 
fat'turt' t)f'opti<al tilass anti in phr»to- 

cells. 

Jitorimti ; I'll . Atomic nuinber - 
f)(): .-.lomit: weight One of 

the nitist imptirtant ratlif>acti\t* t*!**- 
inenis. Uist ti\fret I by Bcrzclitts in 
ifljfi and iiamt'tl aftei Ihor, the 
Standina\'ian god of war. Katlio- 
acliviiy t»f thorium was estalilishnd 
in i8pB b\ C’urie-SkltKlowska and 
Schmidt. In its frc«- st;ite it is a 
melal: specific gra\ iLy 11.7: int'Us 
at 1,84^2 Ci. Kxlernally restinbles 
platinum. Its lialf-life is 14.000 
million N'cars. In tlisinlegrating tho¬ 
rium forms the thorium series of 
radit>at:livf' elements, the last mem¬ 
ber of which is lead with an atomic 
wt'ight of 2t)8. .Mfjnazite and thorite 
art* thorium's chief minerals. .\It>na- 
zite is extracted from inonazilt*- 
ctiiitaining sands. 'Thorium oxide 
is vt‘r\' imjiortant for int antle.sct'iil 
gas mantl<*s. I.iki* uranium thorium 
s]>Iiis and lil)t*rates a large C|uantity 
of atomic <*ner.gy. 


I huliti)n I I 'll . At*>rnit niimbf*r 
atomi*' w<*ig!it if>p.4. Kare- 
*-;irlh eh'nienl. 1 Jis<'o\'«*red by Clleve 
in i8flo; nam<* deri\<*d from ill*' 
wtn*d 7 ////Z/V/. the ancii'iit nain*' (»f 
.Scandinax i;i. 'i'lie sidls of thulium 
arc grei n. 

fin (Sn . Atomic niimfier v*- 
.itoniic weight 1 18.70. ( )nf' of tin* 
lirst metals kiif>wn to man sirn'c 
« ;irly anticpiitx' i brtJiize age*. 111 its 
frci Slate t]uile a mall(*<d)le and 
ductile silver\'-w hit*- metal; s]>e<.'ifi< 
gravity 7.^8: melts at -.^42 

Be low 18 ( !. ( h:.ingc*s lo its grt‘\- 

varieix*. \\'hc.*n short sticks of tin 
arc- bent ihex' )>r<Kluce a clwirac- 
l<‘rislic- crackl*- probably Ix'caiise 

of the* friction of the individual 

c rystals iigainst <-iic b olhe-r. L'n- 

aflc-cicd by wan-r and air; owing 
to this ]>ropertx' il is widely used for 
plating iron ■: so-called white* 

itu'lal uliliz<‘d c hicfly for food c<ins). 
Its allc.)ys babbit and bronze* - 
iire very important. latcountcrc-d 
mainly as tlir- niiiic'ral caissi lc*ritc 
» Sii( )j,). 

1 ittiniuni ( Tif. .\tomic iiiimbt'r- 
atomic we ight 47.5)0. Silvc-rx- 
whitc*. ve*r\' hard and brittle* me*tal. 
\’e*r\' abundant e-le*mcnl : consliliile*s 
o.fi piT ce til of ific we-ighl of' the* 
«*arflTs c rust. 1 )is< c>vc re-d l>\ Klaproth 
in i 7<>4, hut ]>roduc t*d in its pure- 
stale only in 1847 hy W'dhler and 
.Saini<*-C.’lairf' J)(*ville- and namc-d in 
honour of the* mythological he*ro. 
Sj>c‘cilic- graxity 4.4; m<*lts at 
1,800 C^. Biactical im]>f»rlance- of 
titiiniuni is e-spe‘c iailx- gre at in 

mc'tallurgx ; aids in c cimplclt ly re- 
mox ing oxyge n ;inrl nitrogen from 
moltc'ii slee'i due* to xvliic:h the* smelt¬ 
ing is remarkably uniform; imparts 
hardn<*ss and i‘lasti<iiy to st<*c:i, 
\Ic‘iallic titanium is stable* in sharp 
tt-iTipe-rature* xarialions and may lx* 
e*xle*nsix'cly use*d in hi.gh-spe*e*d avi¬ 
ation. 'Titanium oxide* serve*s for the 
rnanufaerture of x'ery good while* 
]>aint. 





'rransuranium elements. Radioactive- 
elements following uranium in Men¬ 
deleyev’s periodic system with atomic 
numbers of 93 and up. Have all 
been obtained artificially. The first 
to be studied w-as neptunium {in 
'939'- ^^ince their lifespan is much 
brieffi-r than th<r age of our planet 
they w'cre not discov’ered under 
natural conditions. 'I'he transura¬ 
nium elements known today arc; 
n«*ptunium. plutonium, americium, 
curium, berkelium, californium, 
einsteinium, fermium ami men- 
deleviurn. 

T unfits ten (\V}. Atomic numb«r — 
74; atomic: weight -183.9;^. Heavy 
(spec ific gravity— 19.1 ), silve-ry-white 
metal with a high melting ]>oint 
^ 3 ' 37 <‘ C.). Discovered V.)y Scheelc^ 
in wdllVamitcf in 1783: oblaimrd 
in its ]>urc- state* by Wohler 
only in iHf^o; dot:s not c^xidize and 
does not dissolve in acids with the 
excej^tion of aqua regia; rt*- 
fractcjry; because of the ability of 
tungst<*n tcj be* drawn into v\ ire dcjwn 
to 0.01 mm. thick it is used in the* 
manufacture of filaments for elt*ctric 
bulbs; also used in high-spt'c*d st<*el 
and super-hard alloys which are 
called pobc*dite, **\Vic Diamant” and 
carboloy, in the manufacture of 
chemical laboratory-ware and for 
c'ontac.ts as a substitute for the* mc:>rc 
expensive platinum. Pob<ilite is 
almost as hard as diamond and is 
used for drilling the hardest rocks. 

Uranium (LJ). Atomic number— 
92; atomic wc‘ighi--238.07. Rc- 
fractc^ry, silvery-wiiitc metal. Only 
recently occupied the last place in 
the periodic table of elements. Dis¬ 
covered in pitch-blende by Klaproth 
in 1789, but produced in its juire 
state by Peligoth in 1841. Specific 
gravity—18.7; melts at 1,690'^ C.; 
radioactive. VVhile studying urapium 
Becquercl discovered the phenom¬ 
enon of radioactivity in 1B98. 
Nativ'e uranium has several i.solopc*s. 
The isotope with an atomic weight 


of 238 prevails; there is 0.7 per 
cent cif the isotope with an atomic 
w'cight of 235. Because of its radio¬ 
active disintegration uranium 238 
forms elements of the uranium series 
while uranium 235 forms the actin¬ 
ium series. The end product of 
the uranium .series is lead with an 
atomic weight of 206; that of the 
actinium series is lead with an atomic 
w'eighl of 207. Uranium 235, when 
its nucleus is bombarded by slow 
neutrons, is easily split into two 
nearly equal fragments liber¬ 
ating an enormous quantity of 
atomic energy. Xamed after th<* 
planet Uranus, discovert*d shortly 
before: the discovery of this ele¬ 
ment. 

Vanadium (V’}. .Xlomic number— 

23; atomic weight.50.95. Steel- 

grey metal, very hard, but not 
brittle. Discovered in 1B30 by 
Sefstrom and nainc'd in honour of 
the goddess X’anadis. It is quite 
abundant but found only in a dis¬ 
persed state; i;>roducc:d from titano- 
rnagnetite ores and from bituminous 
shah*s; used mainly in the produt'tion 
of high-grade steel distinguished for 
its durability, resilit*nce and tensile 
strength; also used as a catalyst in 
the chemical industry, as a dye in 
ceramics, for toning prints in photog¬ 
raphy, and in medicine. 

Virginiutn. Under this name Allison 
described an element with the atomic: 
number of 87. The fac t of the dis¬ 
covery was not confirmed. See 
Francium. 

Xenon (Xe). Atomic number—54; 
atomic wc*ight—131.3. Noble ga.s 
discovered by Ramsay and 'Pravers 
in 1B98 at the same time as krypton 
and neon. Name conies from the 
Grc*ek word xenos, meaning alien. 
Oc'curs as a negligible constituent 
of the air. It is 4.5 times as heavy 
as air. 

ytterbium (YbU .Atomic number— 
70; atomic weight—173.04. Rare- 
earth element. Discovered in 1878 


28 


433 




by Marignac who rstablishrd that 
the element erbium contained a 
“new earth.” 'l*he name comes from 
the small Swedish tow n of Ytterby. 

Yttrium (V). Atomic number - 39; 
atomic weight—88.92. Wry close 
to the lanthanoid family in prop¬ 
erties and owing to common occur¬ 
rence with tht*m in nature is con¬ 
sidered one of the rare earths. 
Occurs in large* quantities in the 
minerals xenolime and gadolinite. 
Discovt‘re*d by (iadolin in *794 
and first obtained in its ])ure 
slate by Wohler in 1828. I hus far its 
practical uses have been rather 
insignificant. 

^iuc (/ii . Atomic numb<‘r 30: 
atcmiic w<*ight Discovered 

by ParaceLsus in the 16th century. Re¬ 
ceived its name* from the (ireek word 
ziuko nic'aning white film 'the salts nT 


zinc are while . Metallic zinc is grey- 
ish-whitc' and rather stable against 
the action of water and air. Occurs 
mainly in the mineral sphalc'rite 
(ZnS>. L’sed in iron-plating (gal¬ 
vanized iron*, and in alloys with 
copper ^brass.'. 'The white* salts of 
zinc: are used as a paint as well 
as in medicine. 

J^irconium (Zr>. Atomic' numbc'r — 
40: atomic weight--- 91.22. Dis¬ 

covered by Klaproth in 1789 and 
named after the* minc*ral zircon. 
Zirconium oxide* is ve*ry refractory; 
melts at 3,000 Cl.; extraordinarily 
stable against t he*mical ac tion. He*- 
cause* of tJu*se prop<‘rti<*s it is use*d 
as a highly refractory material. .Also 
use*d as an addition to pig iron be¬ 
cause it impro\t‘s its casting proj)er- 
tie's. 0( e urs in zire em and c‘omy)lex 
silicates. 
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Abrnsives <)r ahitisive maffrials -\‘<*ry 
hard suhstanr<*s which. \vh<*n ptih cr- 
i/rd, yicifl sharj)-cflgcd grains. Ah- 
rasi\'<'s arc us<'d for cutting, sawing, 
drilling, shar}>cning. grinrling, polish¬ 
ing and oth(‘r typ<*s of machining 
metals. ston<*s, glass, <‘lc. I'hc most 
irni)orlant uaturfil abrasives are: 
diamond, rorvinduin, garnet, flint, 
quart/., sandstoiu' and pumice; arti¬ 
ficial: synthetic ((jrundurn (<-lertro- 
corundum and alunduin >; carbo- 
rurulum ^alloys of tjuartz and car¬ 
bon': slalinite, wolomite (alloys of 
tungsten and rarbon^ and boron 
carbide. Ihe technical iinporlance 
of abrasive's is enormous. 

Acetylene resulting from the 

action of water on calcium carbide. 
Burns with a bright white flame; 
widc-ly u.sc*d in oxygenotis cutting, 
gas-vvclding ol‘ ferre^us and ncm- 
fc-rrous metals and in soldering. 

Adit hori'/cmtal or slightly in- 
clinc'd mine working with one end 
coming out to the surface. Ca'oss 
section of an adit is lra]:>ezoicla!, 
oval or round, 

A^ale - stripc'd stratific'd chalceci- 
ony with laycTs of diflc'rcmt colours 
white*. rc‘d, black, etc-... .Se*e cfialcedonv. 

Afiricola - I.atinizc*d name cof Cic'org 
Bauer (i 494 -iao 3 S fierman phy¬ 
sician. mineralogist and metallurgist. 
His work On Alining .scTvc'd as an 
aid in the- tec hniqu<’S of mining and 


metallurgy tor a ])c riod of two cen- 
lurit's. 

Alaitc- very rare, bc-autiful red 
minc'ral; natural vanadic acrid 
( A'gOg • - Found in O'ntral .Asia. 

Aichernv —mc*dic val name: of c lu-rn- 
istry. 'rhc' prc-scicntilic period in 
the* dc'vc'lopment of chc'mistry is 
usually referrc'd to ;is alchemy. 

Alftha rnys. Sc*c* alpha particles. 

Alpha patltclrs—hvViujw ions emit- 
tc'd by some radioac tive substanc'es. 
On passing tlirough a substance: the* 
alpha particle's iemize it: on striking 
fluorc'serent or ])hosphorc'sc:.enl sub¬ 
stances they cause* them to lu- 
minc'scc. F pon contact with huntan 
or animal skin they prcxlucc* burns 
which are hard to heal. Also able 
to provcike crertain chemic'al rc'ac'tions. 

Alumina —aluminium oxide* ( .\ 1 ._,( 
Forms part of many rocks and 
minc'rals (alumosilicates i. l'ccrhuically 
cjbtainc’d mainly from bauxite. ( )cc'urs 
native: as corundum, etc. 

Alu 7 nosilicat €\—silicates in which 
aluminium oxide, i.e., alumina, 
plays an es.sential part. 

Alums —chemical cc.)inpounds rep- 
rc'sc'nling dcjublt' salts of sulphuric 
acid. in nature most frecjucntly 
enc'ounterc'd in the form of alumin¬ 
ium (alunite^ and ferric (halo- 
trichile] alums. 

Ahmdum -alumina 'ALO-d. Pro- 
ducc'd artiflciallv from natural alu- 




inosilicatrs or bauxilrs. Set* abrasive 
materials. 

Alunite or alum rock.while or 

red-brown mineral, natural suljjhate 
of potassium and aluminium. 

Amber —fossilized lar of coniferous 
trees mainly of the 'I’ertiary Period, 
hardened into dense mass. C^olours 
rani^inj^ from milky, honey-yellow 
and brown to dark-cjrange and 
reddish, lirittle, but easily ground 
and polished. Burns ^^•ith arom.at- 
ic odour. L'sed in the chemical 
industry, in electrical enqint^erint^ 
and for inanufactur<* of various art¬ 
icles. 

Ameifirst — trans|.iarent. \ i<jlei- 

coloured mineral; \ari<‘ty of quartz. 
See quaftz. 

Amfuin^abeile rare, brown-red, 
radit)active minc’ral: tanfalo-nio- 

bate of uranium, iron, etc*, l-’irsi 
found on Madagascar. 

Amphibale or horn-blende dark- 
cire«”n, tureen ish-blac'k or black- 
brown minerid vvitli glassy lustre. 
.\ rock-f<.>rming ininc*ral f>f tin* 
silicrate class. 1 aicounter<’d in con¬ 
tinuous granular and fibrous masses. 

Angstrom —unit of h'ugtli corre¬ 
sponding to o,oo‘ I* >0001 cm.or i o— 
Designated by A. Used mainly 
in o]5tic:s to in<-asure the length 
of light-vvav<*s anti in atomic ph\ sic's. 
Named afl<*r the Swedish scientist 
-Angstrom who was the first to 
introduce this value into practice 
in i«b8. 

Aneroid. S<*e bmometer. 

Anion. See ion. 

Anlimonite, antimony glance or 
slibnite —native antimony trisulphid<‘ 
Sb^Sj,, lead-grey mineral with metal¬ 
lic lustre, frec|uenily with a parti¬ 
coloured oxide lint. I;],ncountc'red in 
needle-shaped crystals and in dense 
masses. Used for production of 
antimony. 

Anthracite grade of coal character¬ 
ized by highc-st carbon cont<’nt 
tup to 98 per cent}. 

Antimony glance. See antirnonite. 


Apatite —mineral; calcium phos¬ 
phate containing fluorine- and clilo- 
rine. Used for product ion of phos- 
phatic fertilizer. 

Aquamarine lrans]>arent varietx' 
of bi*ryl colour<-d blue-green shade's 
of sea-water (from the- T.atin words: 
aqua water, mare sea ; valu«*d as 
a j>recious stone. 

Aragonite mineral corresponding 
to calcite (C'aC’C)., ■ in composition, 
but difli-riTtg from it by lh<- arrangt - 
ni<*ni of its atoms and by its physic al 

prope-rties. Uolour.white-, yt'How, 

grt-en or \ iolet. l)<-nse formations in 
the shape of sphc'ric al oolil«-s, as wc-ll 
as man\ stalactitc-s suul slalagniiu*s 
found in caves, arc- i harac terislic ol' 
iiragonitf. L’sualix formc-d from hot 
and c-old waters. 

Argonauts sv’aWwvts on ifie ship 
heroc-s from the anci»-nt (iret'k 
legends who sailed to KoUhis (now 
'rranscaut iisLis unde r the' leadership 
of Jason it'. Cfuesl of the* golden 
fle-ec e’. I'lie in\ ih about the Argc» 
nauts is a rc-flc e lion of the historv 
of <‘arl\’ ( irc'ek ('olonization ifJtli- 

t)lh ee nluries B. C'. . 

Aristotle B.C^ great 

aiu ient (ire e-k philosoplie-r. Aris- 
leMle’s works e'o\e‘rt-d all briuiehe's 
<»f knowledge* ol‘ his time*: le>gic. 
]isyeliology, nalur:il sr ie iue-. liistory. 
politics, e*lhics and esihe-tics. .None 
of his \ve:»rks have* sur\ ive'd: only 
se-par;it<- i*xeer})ls cile-ei by aneie-nt 
authors :u'e' known. 

Asbestos groui> name of a nurn- 
b<*r ejf fine -fibre minerals, magne¬ 
sium silie ;ites. The fibr<-s reach 3 
and more- cm. in le*ngth. Asfx'stos 
is list'd for prexluctitjn of firc'protjf 
fabrit s, for thermal and elet:tric 
insulation, for valuable* iireproof 
mate'rials. <-ic. 

Astrophysics - lyniiwh of astronomy 
studying the physical slate and 
chf*mie:al composition of e'cleslial 
bodie-s and inl<*rsle*llar matter. 

Asphalt - hare! brejwnisli or lustre*- 
Ic'ss black bitume-n. fref|uently 



mfrrly liardfiie-d oxidizrd oil. Sof¬ 
tens at 70 to I 10 ' Cl. and then 
melts. 'I'herc art* native and artific^ial 
asphalts. 

Atmosphere —gaseous sliell of the 
earth. "I'hret* layers are now distin¬ 
guished in the atmosphere: i) 

iroposphtTc*. 2j stratosplit're and 3 ) 
ionosphere. 

Atoll - coral-island in the form 
of a eontinuems or broken ring 
surrounding a lagoon. Knc‘ounter«cl 
in the op<n s<*a, arranged singly 
or ill archipelagoes. 

Atom (from the Cireek word 
meaning indii isihle) - minutest par- 
tic le <)f a chc*inic:al <*lem«‘nt. l/niil 
the' middle of the* 19th <'entur\- 
the* atom was belic'ved to be an 
absolutc-ly indivisible* and in\ari- 
ablc* particle* of substance*. In the* 
be'ginning of the* 20th ce*ntury 
it was de-monstrated that the atom 
was indivisil;>le only che'niically. 

-one* of the* premiint*nt 
Indian ]j<‘0|.iles in Mexico. 'I'he 
<*onque*st of Xle'xico by the Spaniarels 
in I”, 19-21 fe*rininat<*d the* inde]>e*neb 
<*nt de*\ e'loj:)nient of this pe*ojjIer. 

Baikalite dark, dull-gre*<*n variety 
of a lime-ferruginous silicate-, dioj>- 
side* from I.ake Baikal. 

Barite or heavy spar he'avy, 
oj>aque mineral (HaSOp, barium 
sulphate. Clolourless. or more fre¬ 
quently coloured yellow, red, bluish 
and olhcT tints. VVid<.*ly use'd in 
the manufacture* of white jjaints, 
chemical preparations, etc. 

Barometer (from the Cireek words 
baros —gravity and meireo —I meas¬ 
ure :—meteorological instrument 
used in measuring atmosphe'ric pres¬ 
sure*. 

riiere arc mt?rrury and metal 
{aneroid) barometers. 

Basalt —black or black-gret*n 
ignc'OLis re:»ck ]:>ourt*d out to the 
e-art h’s surfaces or under water 
in a mol tern state. Consists of 
mine'rals rich in magne*sium and 


iron. i-’orms separate hexagonal 
columnar structures. 

Basaltic Mv/- -according to certain 
modt‘rn petrographer.s basalts are 
the initial maternal magma which 
forms a basaltic: sh**ll that underlies 
the* hard earth’s crust. 

Bauxite —white, somc'limes r<‘d- 
dish, argillaceous rock consisting 
of hydrous compc:iunds of alumina, 
oxide-s of iron and titanium. Se-rv-e-s 
as a raw mate-rial for the* prochjetion 
of aluminium. 

Belomoriie moonstone* from the 
pc*gmatite veins of W'hite* S<*a r<*- 
gions: varic'iy of albiie* (feldspar). 

Bengal light —various slow-burning 
pyrotechnical compounds j>roduc- 
ing a bright while* or c'oloure*d 
flame* during combustion. L'sed in 
illuminations and firc-w<irks. C'olour 
de'pe-nds on ihe^ chc*niical elemc.*nt 
used (I'or instanee'. strc:»nlii.irn im¬ 
parts a re*d colour. (*tc*.!. 

Beryl —chic-f mint*ral for the* pro¬ 
duction of metallic b<*ryllium. Con¬ 
sists of silic*on, aluminium and 
beryllium (up to 14 pc.‘r cent cjf 
its oxide* j. Colourless or colourt-d 
gre-enish and yellowish lints, f^n- 
counie*rc*d in the* form of transpar- 
e.*nt, well-<'oloure*d varieties: e*meT- 
ald (bright green), aquamarine* (the 
colour of sea-water), vorobie'vile* 
(pinkish U etc. Pure and we*ll-ccil- 
ourt'd be'ryl is a pre*c'ious stone?; 
e*mt*rald is particularly valuable. 

Beryllium bronze — mi.xture of c'Op- 
pe-r and beryllium (2 to 2..^ per 
ce'nt Be); durable*, resiiic*ni and 
good e'onductor of heat and i'le*clric- 
ity. Csc'd in the* manufacture* of 
springs and important springy 
machinc'-jiarls, g<*ars, e'ogwhe*e*ls, 
bushings and bearings for se'rvict? 
at high spe:e*ds, high pre*ssure*s and 
high te*mpe*rature*s. 

Berzelius Jons Jakob (1779-1B48) 
—famous Swedish ehe'misi and 
mineralogist. Honorary member 
of the* IVlcrsburg Aeadc-my of 
Sric*nc'e*s. His te*xi>>ook of e*ht'mistry 
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and iinniial rt\'i<'\vs of 
progress diss«-iuinatc'd 

( hrniical kiiowk'd^c in I hr I'lrsl half 
()1 ihr 19th c riitury. 

lifta }ijys slrrain of rlrcirons 
(‘inittrcl (iurint^ disinU*t*raiioii of 
aioiiiic- C’.apJibk* of ioniz- 

iny: jt?as<s, inakinyf inan\' siihstaiicrs 
luniim sc i'nt iind ar on ]>holo- 

plat<vs. 

Bintitr. Srr Jfiitfi. 

Bitii 7 ii€fi —nain<* of a iTiixtnrr of 
\ iirioiis h\ (lru( arhons <'n('Ciuntt'r< cl 
in naturr in th<’ iV>rni of t^asrs 
• oil t?as«*s\ licjLiids 'i>il and aspFialt ■ 
anci solici snbsfanc’rs f oy.(*r<'rilc ■. 
liitunii'iis oftrn ini] )ri'iTna tt* \■ari^»^Js 
rocks: linirslonrs, slal«*s and sand¬ 
stones: suc h inipr<'i»Tiat<‘d r<'r ks are* 

< alh'd bituminous. 

Biliitnirious coal blac k ininn al 
rc'intaininy frenn 70 to 90 p< r cent 
carbon. Srr Mhioat coal. 

Bolide — lirc*-ball swrrpiny iic ross 
tlir sk\ : rausc'd b\ tfn' invasion 
of a inc-t(‘orir bodv- from intc'r- 
planc'tary sfiac <' into lli#’ c'arlh's 
atmosj>h<rc-. 

Borax or lineal [ • 1 o ).) 

—sodium ic'irabciraic*. laisily dis- 
solvrs mrtallic oxid<‘s and l}i<*rc*forr 
s<*r\c's for clraninj^ surfaces in s(»l- 
drriiijt^. L”s<*d in ceramic s and U ather¬ 
nia kins?. in mc-di<:in<*, etc . 

Bore^-hole .special }jit cliaraetc-r- 

ized by round eross-sc-elion of a 
very small ciiarnc'ter and < emsidee- 
able lenijlh. bored ]i\- means of 
a jicrc:ussion or rotatory tocjl, Mach- 
to dc'tc-rmine the exlc-nt and c|ualily 
of mint'ral de]iosits, for extraction 
of oil, water, sulphur, <*lc:. 'lTic*y 
reac'h a depth of more* than 5.r>oo 
metre's. 

Boric acid (H-jBC ).j weak ac id, 
r.neountc'red in the* min<*ral sns- 
\olite. White* sc'a le-siiaped crystals. 

Bmdder.s frayfinents ot rocks, 
mainly cfranite^, cpiartziies. liine- 
slonc‘s and othets, measurint? I'rom 
10 cm. to 10 rn. and more in dia- 
mi-lc*r. l-'ormed b\- weatheriny of 


rocks and by ylacial activity. L’sc'd 
for paviny sfrt'c'is and as a lillc'r 
in concrete' structures; large* boul¬ 
ders arc* used fc^r monument pc'de-s- 
tals. 

Boylt\ Robert ( i ti^y-1 (>9.| ■ famous 
Knglisli che'inist and physicist. 

nowadays an alloy of 
co])pc-r and varicnis oth<*r elemc'nts, 
nuiinly metals. Onlv a few de¬ 
cencies ago the* term bronze dc*signal<*d 
iilloys ol‘ coppe-r and tin alone*. 

Broii'ti coal variety of mine*d coal. 
Ckintains 30 t(» cjo per cc'nl carbon 
and in c'ombuslion yie*lds ciuitc* 
a lot ol' ash and suljihur. Widc*lv 
usc'cl as fuel. 

(Uilcite or liniesftar - wh'xW. c*olf»ur- 
less or slightly coloured mineral — 
calcium carbonate* lOaClC)., , fre*- 
C|uently with various admixture's. 
Oc c urs in ('xc<*llc*ntl\ formc-d c rystals, 
granular an*! compac t masses, straii- 
lic'd forms, in stalac tites and stalag¬ 
mite's. I’he perfec tly transj)arc*nl c al- 
c ite whic h double's the* image \ ie*we*d 
threjugh it is callc'd Iceland spar. 
Some* rocks consist I'litirely or 
almost entirc'ly of calcitc* as, feir 
example*, marble's, limc'stones and 
c halk. 

(’.alary unit of hc‘at. barge* calory 
is the* amount of heat re*cjuirc'd 
to raise* the* tc*nipc*raturc* of T kilo¬ 
gramme* of water by 1 C^; small 

calcjt'V’ is the* amount of hc'al rc*- 
ciuirc'cl to raise* the* tt*mpc*rature* 
of i gram of watc'r by i" C!I, 

(.oral me'asure of weight of pre*- 
c'ious stonc*s; c'Cjuals 200 milligrams. 

( ’.art)ides - c hic'mical compounds of 
me'ials and carbon ])roduc'e*d b\- 
the* action of coal on metals or 
on their oxides. 

(itnbonatf^ salts of c^arbonic* acid. 

\’c'ry abundant in nature*. 

ilarlshad stofie solid dc'posits of 
e rde ium c arVionatc* from hot mineral 
springs in Karlovy \’ary (C.*arlshad. 
in (’zc*ehoslovakia. iSw nr agonite. \ 
(Carnal Hu t ra nsparen t. rt*dd isli 
niiric'ial ; hv'droiis c hlcuide of pcjtas- 



slum anc\ magnesium. Drliqiu-sc rs kn 
iht' air. Source* of \>otassiuni rrriilizcr 
cuui of iru*lallic ma^iicsiuiTi. 

(idssiteriie or - inin<*ra] rariej- 

iniT in colour from brown lo black; 
tin oxide (SnC),.i coiitaininti^ up 
79 P‘‘** Clhicf tin ore. 

Clatiou. See* ion. 

CUil's -i^rci'tiish traiispar<‘ni 

ejuartz shot with silk because of 
ll\<* iiK lusioTi of asljcstos fibres. 
Its stripes i^lay br*aulifitlK', evspee ial- 
ly when it is ground with <abo- 
c hon. 

(in.'fw nr c a\'e phenomena reliefs 
lypicsil of li-rrains formed by rocks 
soluble in water and jxiaious t<j 
it iiii jesiones. dolomite's and Mi'P' 
sum. As a result of lixix iatioii of the* 
roc ks by undertijround \valc*r. i raters 
and *‘xtensi\-e closed liollows arc* 
lornied on tin* surface* and ca\ilies 
and cacc's in the* interior. In ih<*si* 
re.t^ions rivers I'recjucntly flow into 
crevicc's and crat«‘rs, run und<‘ri>rcum<.l 
and then conic.' out tcj the surface* 
a^ain. (Ia\'e jdieiiorncna are well 
dc*\*eloj)<*d in tlic* (^rinn*a, in tlu* 

L'rals and in stjine rc'gions of Si- 
bc'ria. 

C.nri/y natural stor<*-}i<jus<* in 

pi'iefmatite \‘eins. lieautifidly forim'd 
cTvstals of xarious min<*rals fre¬ 
quently .s 2 :row cm the* walls .of thc'se 
c a\'iii< s. 

('/c7< v///r- -be autiful sky-blue* rnin- 
c*ral; stronfiuiri sulphate (SrS(}^ . 
1/sc'd for production of strontium 
salts. 

iieineut calcincrd mixture* of 

limestone* and c:lay. With water 
cement hardc*ns into stroni^ stony 
mass. Nlanufacturc'd in c’normous 
cpiantitic-s and usc*d for building 
purj>oses. 

Geratnics (from the* Cjrc*c*k wc^rd 
ceramns —clay)—article's made.' of 

baked clay anci its c:cjmpounds 
with rninc*ral additic^n.s. C.k-ramic 
warc-s include* building bric'k, tile, 
facing slabs. clinkc*r, water and 
canalization mains, fire- and acid- 


proof artic le s, potte ry. majolie a. 
faienc e* and \)orc e*lain. Oc-ratnic s 
V^egan to V)c' produc*ed as ]>riniiti\i* 
leaked article's in the* ste>ne- age*. 

(.'halcfuiany mine ral of all possible* 
< cjlours, a latent-crystiilli?n* fibrous 
\arie*ty of c|uarlz.. laicfiimureel in 
fejrin of noduh's and stalagmite's. 
Se*jni-irans}jar<*rU and traiislue e nl. 
l._si*d for te*c hiiic al ware s. as a 
se mi-pr<*cif>us stone and in the- 
inanufacture* of \ arious ariie le*s. 

Its slrlpe-d varic'iie's are* c;ill<“d 
Off ales . 

( ’iitilcojtyyile brass-\ t lleiw niineriil 
c‘ontaiiiing ;;*) jx r < <*ni coppe r, 
'^3 per cent sulphur and ;^e» per 
e t'nl iron. ( )ne of' the* iiKiin copper 
ore's. 

Ghnlk while*, soft, fine'-earth sedi- 
ine-ntarv roe k c>l e)iganie origin, 
l*'<.)rme*(i b\- aee lunnlation of inic rei- 
seopie* shells and consists mainly 
of c ale ium eAirljonalc*. 

Iscd in glass, ccme-ni. rubber, 
pape*r and paint industries, as 
writing rnale'rial, etc. 

(Jiloriliw mine*rals; hselrous alu- 
mosilie aies of‘ magne sium irt winc h 
part of the magiu'sium oxide* 
and alumina is rcplact'd by iron 
eixides: colour all shade's c»r gre*('n 
to black; bioliu's. horn-ble-nde’s and 
pyioxc*ne*s most fre'quemlK- change* 
to < hle>rile*s. 'The* mine*ral is larnc'llar 
like* inic'a. but is non-r<*silie‘iu. 

(Jh^aniife hvtixy black or brown- 
black minc-ral. TCneotmter«*d in d<*nse 
anci granular massc’rs. ()re' for the* 
produc tion of chromium. 

Ghrysahervl ~ transpare*iu grt't'n 

mineral containing bt*r\lliuin and 
aluminium with an admixture cjf 
irc^n and sc.>rne'tiiTie*s chromium 
. Rare pre'C’ious stone* 
chrvso.\ golden, beryllos be.*r\I'. 

Ginnuhar mineral with ada¬ 

mantine lustre': nu'rcuric* sulphide*. 
C^hief mcTcury cjrc*. 

Glay sc'dimt'iiiary rock cemsisting 
mainly cif hydrous silic ic c:om]><^unds 
of aluminium and rrc*c|ii<*ntly c:on- 
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inixiuirst particlrs of various 
niinrrals; plastic and capable of 
formin^q^ a putty-like mass when 
mixed with water. Used in building, 
pottery, etc*. 

fZ/fo/yc/Zrec -last Qiieen of Kgvpt 
(89-30 B.C.'. 

Cileieite —minc'ral c:cmtaining ura¬ 
nium and certain amount of rart* 
earths. When hc-ated liberates large 
amounts of helium included in 
the mineral as a result of radioac'tive 
disintegraticin of uranium. Scientists 
disc'overc'd tht* existc-nce cjf helium 
on earth for thc‘ first time by 
studying the liberation of gas from 
cleveite. Until then lieliuin was known 
to exist only in the sun. 

dolumbile - brown-black, cjpaque, 
rare mint-ral ■ tantalo-niobate of 
iron and manganese. Source cjf 
tantalum and niobium. C^c:curs 
mainly in pegmatite veins. 

Concentrafe the valuable minc'ral 
separated from an ortt lindergoing 
a spc'cific. treatment. 

C^oncentKition prc'liminary ]>ro- 
cessing ol a mineral in ordc^r to 
separate it frc^in \alueless roc:ks 
(gangue) 01’ other minerals. 

(.Unicrete .irtificial rocky conglom¬ 
erate material; hardened mixture 
of a binding agent •ct*merit , watc*r 
and natural or artificial rocky 
fillers (sand, fine slag. gra\'<'l and 
c:rushed stone . 

Cloral reefs roc ky undc'rwatc*r (or 
rising abcjvt! the water) rec*fs formed 
mainly by lime structures c:)f coral 
colonies. .Abundant only in trojjic'al 
seas near continental coasts and 
islands or in shallow sections of 
the* c)pt*n sc-a. 

Corals - or coral polyps— marine 
animals, c'C 3 <*lenterates, Uive prin¬ 
cipally in colonies and lead a 
seclentary life. 'T'he skeleton is made 
of sc*paratc* lime cc*lls. 

Corimdum —mineral consisting of 
aluminium oxide (.\ljO3'). Ex¬ 
ceptionally hard; scratchers all miner¬ 
als exc'epi diamonds. Its transparent 


uniformly coloured crystals are used 
as prec'ious stones. Red corundum 
is known as ruby^ the blue variety— 
as sapphire. 

Cosmic speed speed at which a 
c'elestial body moves through space; 
it is many times as high as the* 
known speeds at which various 
bodies move on earth. 

Cosmic rays —rays whic li pc*netrate 
into the atmosphere of the crarth, 
carry enormous energy and, thc*r<*- 
fore, have high penc*lrating power. 
'I'hc* nature of cosmic rays is not 
very well known as yet. 

Cretaceous period —geological pc*riod 
terminating the* mc'sozoic* i*ra in the* 
formation of the c*arlh’s crust. 
Subdivided into two t*j)ochs low(*r 
and upper cretaceous epochs. I'hc* 
marine* sf*dimc*nis cjf this period arc* 
es}>ecially noted for de])cj.sits of 
powerful layc*rs of writing chalk. 

Crocus- .natural or artificial abra¬ 

sive* mati'rial; used in y^olishing 
metals, opticral and other gla.s.s, 
building and decorative* stone?. 

Cryolite ~--\'VTy rare snow-white 
minc*ral —aluminium and sodium 
fiuoridcr (Na;j.\lFo . In the* molten 
state? it dissolves aluminium oxide*, 
iherc'fore it is usc*d in c*lc*cirolysis of 
ntetallic: aluminium, as well as in 
prcjducrlion of glass and faic*nc:t*. 
It is now manufacturc-d artifi¬ 
cially. 

Crystal —gc'Oinetric ally rc*gular 

structure of atoms or ions locatc^l 
in the points of a c'ryslal lattice. 
"I'he word crystal was usc*d long 
before our era and mc'anl rock 
c*rystal whose origin was then 
conncrcted with pc'trific'd ice. Subst*- 
qucntly this w'ord began to be* 
u.sed to signify all minc^rals of a 
natural polyhedral form. Crystals 
arc .studic*d by crystallography. 

Crystallography —sc;ienc;e about crys¬ 
tals; studK*s iht'ir shapes, optical, 
«;*lectrical. mechanical and othc r 
prop«*rties, as well as probhrms 
cronnected with the origin and 
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ja^rowth of c rystals and thrir dt'prnd- 
rncr on ciiHV*r<*n<<*s in chemical 
composition. 

C:trie~Skhtfiowska, AJttrie (1867- 
outstanding scirntist. one- of 
the- founders of thr theory of radio- 
ai liv'c* substancrcs. i’irsl woman pro* 
fessor at Sorbonnt* (Franc'c*. Dis- 
ro\'t*rcd polonium and radium 
( iBpti . 

- method of extrac ting 
gold from rewks. Hy this met hoc! 
finc'ly-dispersc'd gold is dissoKed in 
aqueous solutions of |)otassiurn 
cyanide*. 

Darit'in. C.hiirles Robert ( 18n<j-1} 

- great Knglish naturalist, creator 
of the* maU'rialist lhec:)ry of historical 
d<*ve‘lopment of living nature Dar¬ 
winism. Founder of srit'iiiific- «'\‘olu- 
tionary biology. Author of the 
Orij^in of Species and othc*r hooks. 
His historic' contribution was that his 
ihc^ory helped in the* N'ictory of 
materialism ovct idealism in cogni¬ 
tion of living nature*. 

Democritus (about 460-3 B.C.) 

- great (ireek matcTialist philos¬ 
opher. 

Deoxidizers • - materials addend to 
liquid steel after the admixture's 
have burnc-d out in order to rc*dur<* 
the amount of ferrtjus oxide dissolvc'd 
in the metal, this bc'ing necessary 
bc^causc* ferrous oxide* causes red 
shortness. Dc'oxidizers usually c'ontain 
three elements that reduce ih** fc'rrous 
oxide carbon, manganc'se and sili¬ 
con. 

Deuterium (from the Or«*ek word 

mc'aning “second”).heavy isotope 

of hydrogen H2. '^Fhe mass of tlte 
dt*ulerium atom is about twice 
that of the atom of usual hydrogen 
and c'qiials 2.01471. With oxygen 
forms heavy waterr D^O and ]>c*ro- 
xide D2 C)o, w'hich is more stabler 
than hydrogt'n perroxide. Discrovered 
itt 19312. 

Diamond cry’stalline x’arieiy of 
crarbon. 'Fhc* hardc'st of all know'n 


minerals in nature*. C'olcjurless or 
slightly < olourc'd; rarely blac k. Fine 
precious and lecdmical stone*. Fc»rrned 
from moltf*n rocks at high j>rcssures 
and tempf*rature. 

Dinlomaceous sean.eeds icliaiomeae; 
or siiicioLis st*av\'c*<*ds microscopic- 
Linii^t'llular seavvc*«*ds with armour 
(tunic f impregnated w'ilh silica. 
Abundant in frc*sh and sc-a-waters 
throughout the* world. Rot k-forming 
tirganisms: form thick deposits 

of diatoniite ; diatoniacrc'ous sedi¬ 
ments and kieselguhr (infusorian 
t'arlht. 'Fhe se* acc umulatit»ns - diaio- 
mites and kiesi*lguhr-- are of great 
economic importance as Vniilding 
materials atid abrasives. 

Diorite — igneous grc*c*nish-grc*y 
rock. Consists of plagioclasc* and 
horn-blc'ndc*, someliinc*s with biotile 
and cpiarty: (quartz dioriu*). Its 
great toughnc'ss and hardness maker 
it a gooci building matc*rial. 

- mineral. Sc'c* kyanite. 

Dokuchayev^ V’^asity ( r 84b-1903 ) — 
great Russian naturalist, foundc'r 
of niodcTii soil science and <*omplt-x 
nature studies. Dokuchayc'v’s meth¬ 
ods have formed the basis of 
scientific geography. Russian Cherno¬ 
zem (18B3) is his classical work. 

Dolomite —while. grc*y, or slightly 
c oloured rninc'ral; calcium and 
magnesium carbonate. Contains 34 
j>c*r c ent C’aO and 44 per c ent MgO. 

'J'hc! lc*rm dolomite also signifies 
a dense* sedimc*nlary rcxrk c'oinposed 
mainly of grains of the mineral 
dolomite. Oc curs in marine deposits 
of different gcroiogic al periods. Used 
as fireproof matcrrial. as flux in 
blast-furnaccr smelting, in the chemi¬ 
cal industry and in building. 

luirth^s crust -lithosphere .the outer 

hard shell of the errust w'hich is 
theoretically supposed to be only 
13 to 17 kilomertres thick (from the 
surface). 

Some sric*nlists believe it to be 
as much as 60 kilometrc*s thick. 
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Kleclron -elementary particle car¬ 
ryings charge of negative electricity. 
Component part of atom. In the 
atom electrons revolve along clelinile 
orbits around the positively charged 
atomic nucleus. 'Fhe number of 
electrons in an atom corresp€>nds 
to the atomic number of the chemi¬ 
cal element. 

Klectronic microscofte — u jj- to-date 
microscope using a stream of elec¬ 
trons instead of a ray of light 
making it possible to magnify the 
object up to a million times. 

Electroscope —instrument for detect¬ 
ing or roughly measuring the 
electric tension between two bodies. 

Emanation —gaseous prod uc ts of 
disintegration of radioactixe ele¬ 
ments. 

Emerald. See beryl. 

Euclase— very rare, transparent, 
blue or bluish-green mineral t»f 
the silicate group: very close to 
beryl. Beautiful precious stone, 

Face— ys.'B\\ of a slope being worked 

upon. 

Fans — long and gently-sloping 
deposits of rocks washed and trans¬ 
ported by water and <arried out 
to plains. 

Feldspar —most abundant group 
of minerals constituting about 50 
per cent by weight of the entire 
earth’s crust; chief constituent of 
most rocks; aluminium silicates of 
sodium, potassium and calcium. 
Depending on comfK>sirion dix^ided 
into i) f>otassium feldspars {orthoctase 
and microlhie) and 12) sodium-calcium 
feldspars ( plagioclases ), 

Fluorescence —luminescent'c: of a 
substance which is not due to 
heating, but to irradiation of its 
.surface by solar rays, light of tlie 
voltaic arc, ultra-x*iolei or X-rays. 
Luminescence ceases immediately 
upon remox-al of the influence. 

Fluor spar. See fluorite. 

Fluorite or fluor-spar mineral 
transparent to opaque; most fr<*- 
qucnlly coloured various shades 


of x-iolet, green, blue and grey, 
with glassy lustre; chemically cal¬ 
cium fluoride. L-sed in metallurgy as 
flux xvhich low«*rs the temperature 
of metal smelting, in the chemical 
industry—foi production of hydro¬ 
fluoric acid, for impregnating sleep¬ 
ers, in ceramu's and in glass 
manufacture. Transparent crystals 
are used in optics and are known 
as optical fluorite. More beautiful 
samples are used in the manufac¬ 
ture* of various articles. 'The earthy 
pink-x'iolet x^ariety of fluorite is 
called ratovkite. 

Flux - mineral substances added 
to ore to facilitate smelting of the 
latter and to separate the metal 
from the molten gangue (slag). 
Quartz, limestone, fluorite and other 
min«*rals and ro<*ks may serv'C as 
fluxes. 

Fornminijera unicellular protozoa 
with a shell made up in most cases 
of cah’ium carbonate (CaCO,); 
fK'cur in marine sedimentary dc'pos- 
iis of all geological pericxis; some 
foraminifera are ini|x>rtant for esti¬ 
mating ihtT geological age of rocks. 

Fulgurites —small tubes, the thick¬ 
ness of a finger, burned out or 
caked in sand by an electric dis¬ 
charge in the form of lightning. 

Oabbro -Plutonic magmatic rock. 
Ri('h in iron. calc:ium and magne- 
siutn and poor in silicioiis acid. 
Black. grc<*nish or gri'y. Excellent 
building material. 

Ctudolinite black or greenish- 
black rare mineral; complex silicate 
of rare-earth elements. 

Gaiaxy or galactic system—accu¬ 
mulation of stellar systems com- 
fx>sed of many thousands of red- 
hot stars. Our sun, for example, 
belongs to the Milky Way Oalaxy, 
vvher«* it forms only one of the 
luminescent stars among tens of 
thousands of oth«*rs. 

Gafena^ or lead glance grey mineral 
wi Ih silxer lustre (PbS) containing 
up to Bb per cent lead. C^ontains 
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silver as a constant admixture and 
is frequently a valuable silv'er ore. 
Used for the manufariure of r<*d 
lead, production of l<*ad, white 
lead and glazing; also used in 
rad to-(‘iigi neeri ng. 

Gnli 'anonutrr - - h igh I y sensi t i x e 

electric measuring instrument. 

Oamma rayx -electromagnetic ema¬ 
nation with very short waves. Arise 
during disintegration of the atoms 
of radium and other radioactive 
substances. Resemble X-rays, but 
have greater |>eneirating power. 

Garnets —v'ery abundant group of 
hard minerals including many varie¬ 
ties (class of silicates) of difli'erent 
colours with a pronounc«*d glassy 
lustre. Certain garnets are used 
as decorations as well as abrasive 
material. 

GrdroitSy Konstantin (1872-1 2 i — 

Soviet soil scientist and agrochemist; 
academician since 1929. Founder 
of the theory of soil colloids and 
their role in the formation of the 
soil and in its fertility. 

Geode —round, oval and more 
rarely, lentil-shaped cavities in 
rock; minerals cry'stallize on their 
walls. 

origin. In mineralogy the 
theory of genesis (origin of minerals) 
aims at ftnding the w'ay and con¬ 
ditions under w-hich minerals are 
formed and at studying their subse¬ 
quent changes. 

Geological era —largest time unit 
in geological chronology correspond¬ 
ing to a geological group. Four 
eras are distinguished: Archaic. 
Paleozoic, Mesozoic and C 3 ainozoic. 

Geophysics • compK-x of sciences 
about the physical properties of 
the earth and of the physical 
processes occurring in it. 

Glacier —natural mass of ice flow¬ 
ing like an ice-riv<‘r slowly down 
the slope of a mountain or dowm 
a valley by grav'ity. In its movem<’nt 
the glacier destroys its bed, |k>I- 
ishes the projections in its bed. 


scratches them w'ith fragments of 
rock frozen into the ice, transports 
them over considerable distances 
and d<‘posits tremendous quantities 
of rock fragmernts, rounded boulders 
(moraines), etc. Upon reaching the 
r«*gion of melting the mountain 
glaci<*r gives rise to rapid rivers. 

Gneiss —metamorphic schistous 
rcK'k. .\kin to granite in composition. 
Used as building material. 

Goethite —yellow-reddish or black- 
brow’ii brittle mineral; hydrous iron 
oxide. Used as an iron ore along 
with other iron oxides. 

Golitsyn^ Boris ( 1862-1916) —Kus- 
sian physicist, academician: founder 
of seismology and author of numer¬ 
ous scientific papers. 

Granite - igneous rock of crystal¬ 
line-granular structure. CJonsists of 
quartz, feldspar, mica and sometimes 
of horn-blende. Has diflerent colours 
from white to black or from light 
pink to dark red. B«“causc of its 
strength, beauty and the ability 
to produce large monoliths, it is 
a very x'aluablc building, facing, 
sculptural and acid-resistant mate¬ 
rial. 

soft, oily' to the touch 
and soiling mineral; variety of 
crystalline carbon ranging in colour 
from black to steel-grey. Melts 
above CI. ; acid- and alkali- 

rersistant. Used in the foundry for the 
manufacture of crucibles, electrodes, 
dry' cells, and for paints, pencils, 
etc. 

Grrv copper ores — name of a group 
of minerals w'hose chief represent¬ 
atives are tennantite or copper arsenide 
and tetrahedrite or copper antimonide. 
1 etrahedrites • are u.sed along w'ith 
other minerals in smelting copper. 

Gypsum - mineral and mono¬ 
mineral sedimentary white or 
slightly coloured rock (CaS04 . 
2H2O). Wrv' abundant in nature 
and widely' used for building, decor¬ 
ative and plastic work and for 




manutaciurc^ of mnt-ni: also used 
in medicine for surtriral casts and 
in agronomy for improving iht* 
soils. Alabaster and .selenite are 
varieties of gypsum. 

Half-life —the time requir<'d for 
half the initial number of atoms 
of radioactive elements to disinte¬ 
grate. F.ach radioactive element 
has its own constant half-life period. 
'I'hese p<*riods rang<* from a fraction 
of a scTond to thousands of millions 
of years. 

Halite \or ctmimon sail —rock 
salt—NaCl (sodium p<‘f < ent, 

chlorine—per cent'. Salty 
to the taste. 'l*he name ‘‘■halitt*’' 
is connected \\ith the (ireek word 
hulas meaning salt. Since it is 
used in liif* food, it has been given 
the name of cfjmmon salt. Oeliqties- 
cence in humid air is due to the 
presenct' of admixtures. 

Rock salt was formed in the past 
geological periods cut th<* floors of 
former water basins. This salt is ntm 
found in massi\'<* form among rocks. 
In addition, salt is also deposited 
on the surface of the earth, mainly 
in steppe and desc*rt regions, in 
I he form of films, st>-c*alh*d efflores- 
cenc:«‘s. 

Heraclitus oj Kphe MIS (about 530-470 
B.C.;—outstanding ancient C.reek 
materialist philosopher. His philos- 
t>phy was exhausti\ely and scientif¬ 
ically analyzed in iht^ works of 
the classics of Marxism-Leninism. 

Herodotus (about 484-425 B.CI.': 

— ancient Cireek historian known 
as the Father of History, Author 
of the unfinished History of Greco- 
Persian H'Virj. 

HersheL John ( r 792-1871)—Fnglish 
a.stronomer, son of William Hershel, 
outstanding Flnglish astronomer. 

Horner- legendary epic poet of 
ancient (Greece. 

Horn-blende. Sec atnphibole. 

Humboldt. Alexander Friedrich 
Wilhelm ( i 769-1859) —ou tstand ing 
Oerman naturalist and traveller. 


Humic acids - acid part of humin 
substances constituting the natural 
humus of the soil, 'Fhesc* compic'x 
organic substances play an im- 
l>ortant part in plant growth. 

Iceland spar. Sec* calcite. 

fiineons rocks. See magmatic rocks. 

Jlmenite or ferrous titanate—black, 
r>paque, semi-metallic mineral 
(Fe'riOa'). Important ore for tita¬ 
nium production. 

Ion —atom, molc'cule. part of molf‘- 
c ulc or group of molc'cules carrying 
a positive or negative elec tric charge. 
In «‘iectrolysis p«»sitively-charged 
ions move* towards the cathode* and 
art* tailed cations (for example, the 
metal in a salt, the hydrogen in an 
acid while ions, c harged n»*gatively, 
moN'c* towards the anode and are 
known as anions. I'he mutual 
attraction ol‘ the* ions with opposite 
c harge's is the reason thc*y combine 
into rntdc'cules. 

Ionization — i ra nsforma 1 ion of 

nc’utral particle's (molecules, atoms) 
in any mc'diurn into particles carry¬ 
ing a positi\'e or negative cdectric 
charge, i.e., into ions. 

Iron ores —mineral substances con¬ 
taining from 25 to 70 per c:ent 
iron. Include various compounds 
of iron and oxygen: hematite, 
magnetite*, brown hc'matite and its 
varietic*s (limonile, limnitc*, hydro- 
goc'thite, etc'.u goc'thite, siderile 
(iron spar), ferruginous quartzitcr. 
c'tc. Compounds of iron and sulphur 
are not fit for production of the 
metal. 

Isotopes —\ arietic's of chemic'al «*lc- 
rnents with diflierent atomic wc-ights. 
differing in ma.ss mimbc'rs frcjm the 
atoms but having the same nuc'lear 
charge and. therc-fore, occupying the 
same place in Merideleyc'v’s pc*riodic 
system. 

Jasper —variety of chalcedony 
with extensive' mixtures in ihc' form 
of a finely-dispersed dye. Encoun¬ 
tered in largi* concentrations. The 
durability and hardness of jaspier. 
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thr hrauty and vain iv of its shade's 
mak(' this ston<* ti'chniraHy and 
ariistirally valiiabh-. 

jf(ffinf~C,'ttrir. h'rvderic (born in 

outstanding Frrnc h physic ist, one 
of thr most pruniinc'ni s<‘irntists 
in thr field of nuclear physirs, 
eminent proj^rc'ssive public fit^urr 
and winner of thr I nternational 
I^enin Prize For Strengthening Fence 
among the Nations, C'hair man of 
thr Peace Ciounril. M<*inb<‘r of the 
Oommnnist Party since 1942. 

Kartlin porcelain clay; name 
deriv'<*d from the C'hinese word 
knolong t mountain with kaolin de¬ 
posits; ; li^ht-coloured. more fre-- 
quently light, loose, fin<*-grained 
clay consisting almost <'ntir<*ly of 
the mineral knolinite. Pure* kaolin 
is higlily firej>roof and mc'lis at 
i.7 V> ^ l''ormed by d<*< <>mposition 
of rocks rich in feldspar. Usc'd 
in faiencc'-porc'elain, paper, rubber, 
c'hemical and otfu'r branch«\s of 
industry. 

K'aoiinite opacjue, luslrch'ss white* 
mineral A!..f ( )H f4(Si._»C);,.. Ckmtains 
about -|o i>c*r cent alumina (alu¬ 
minium oxide';, silica anci water. 

Kimberlite dark, almost black 
magmatic rock, consisting mainly 
of olivine*, brcjwn mica and py- 
rox<*n<* which hardc*ned in large 
c'xplosion craters; in South .\fri<a 
and ill Amc*ric'a it c'oniains c'rystals 
cjf diamond. 

h'unzite transparc'iit, light-lilac* or 
pink variety of the* minc'ral called 
spcKlumene, a silicate* of litliium 
and aluminium, t'sc'd as a prc*c'ious 
stone*. 

K ur.sk magnetic anomaly vast te*rri- 
tory ne*ar the* city of Ixursk 
where a ccmsidcTable* dc*viafioit eif 
the* magne'lie' ne'e*dl»' is obse*rve*d; 
the* de'viation is caused by large 
inagne'iite* de-posits. 

K’yanite or di.sfhene mineral of 
bc'autifiil blue shades. ne*arl\* traiis- 
j>areni. C'ontains about (>o per c ent 
aluminium oxide. I’si'd as a highly 


fire- and acid-proof matc-rial. while* 
the* transparent and beautifully 
e:oloure*d variertic*s of kyanite are 
facetted. 

l^ihrador bluish-grey or black 
iride*sc-<-nt /resembling a peac'oc'k 
feathcT- ininc*ral of the feltispar 
group. 

iMhradorite -mixt'd crystalline 

roc'ks c-onsisling chie'fly of labra¬ 
dor. h'ine* building and decorative 
stone*. 

KaccoUth shape* in which mag¬ 
matic rocks are- cle*posit<*d in the* 
c-arih's crust. i.e*.. flat-c'onvex 
bcwlie-s re'sc-mbling a loaf of bread 
or the* c'ap cjf a mushroom. Magma 
harde-ne'd before* rc*ae:liing the earth’s 
surface* and arc'hc'd the ovc'rlv'ing 
laye-rs. Fre*t*d by wc*athering and 
cTosion cjf the* ov<*rlying sedimt*ntary 
rocks it forms low mountains, for 
e-xainplc*. He*shtau and \lashuk 
('North Caucasus.\yu- 13 ag (the 
Oimc'a!, <.*tc. 

iMgoon shallow gulf or bay 
sc*parate*d from the* se*a (or lake] 
by alluvial sand or clay. l^t*pe‘nding 
on the* climate* of the* rc*gion the 
lagoon may have* salty or saltish 
water; the' salinity of the* water 
is sonic*time*s due* to the* fact that 
s<*a-w'aler pe-riodically brc*aks into 
the* lagc»c>ns. Organic world of 
the lagcKJiiK is always poore:*r than 
that of the .sc*a. 

Laterite or rc-d earth - red e Jay- 
likc* prcKlucts of roc k disintc'gration 
in humid subiropic:al regions. C’on- 
tain iron and aluminium oxides. 
Kxtc-rnally resc*mblc* brick and are 
use*d in building, hence*, the* name: 
from the* laitiii later —bi'ic'k. 

iMva fic‘ry liquid mass (magma) 
pouring out of volcanic craters or 
ii.ssurc*s on to thcr earth’s .surface. 
On hardening forms various vol¬ 
canic* rocks, "riie latter arc* dc*po.siled 
in the* form of sirc*ams (on the 
slope's of v'olt:anoc*s) or as c'rusts 
(wduTi pouring out of fissure's) 
soirie'time's eove’ring vast are*as. 
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l^roiAirr Aniaini* (t 743-1 75)4 i - I2;i‘«*at 
Frenrh chf-misl. For his work of 
compiliny; \Y\c minora logical atlas 
of Fraiifo was oloc*lofl nii*fnb<'r 
of I ho Frrnrh Aoacloniy of S<'ir*n<'o. 
l^nd j^liuicr. Soo galena. 

Ijeucite whiio or greyish niinorai 
of the* si lira to group roiitaiiiing 
aluminium and potassium. Frt*- 
quontly formssphoro-liko ]>olyh(‘drons 
with Iwonty-four sidos. Knrountor«*d 
as a constitiiont of inirusivo roc'ks. 
Allc*mpls arc* now b<*ing mado to 
oxtrac'l potassiuir. and mc'lallic: alu- 
mini urn from lourito. 

lAebi^^ Justus i on ( 1 ?-k>3-1 ^7*^) ono 
of tho most prominonl rhc*inists 
of the* i5)th rontury. Found<*r of 
agronomi** c'hc*mistry and soil srionre*. 
\Iado v<*ry important contributions 
to organic' c homistry. 

Liuiesfmr. Sc*c‘ cal cite. 

Limestone - sc‘climontary rcK?k of 
white*. grc*>' and oth«*r rolours rt»rn- 
posc'd of c'alc'iuni CMU’bonatc' 
(ClaCX).j ■, frc-c|vic*ntly an aoc'umula> 
tion of thcr remains of skc*lc*tons and 
shells. \'<*ry abundant in tho «*arth’s 
rriist; forms c'norrnous layc-rs. f'se^d 
in building, c'c'inont. rhomiral and 
motalliirgical industries, in agrono¬ 
my. anci in oth«*r branches of the 
national oc'onomy. 

I.itnonite colloid prc'cipitato of 
dil1erc*nl hydrate's of fc*rrir oxide's 
of \:jti'tbl(‘ <'om|K>sition. l'sc*d as 
an iron c'rc*. Sc*o ium ftre. 

l.ithnsfthere. St-o etnth's crust. 

Luiretius L'urus ’5)5)-33 H.CI. ^ 
Irrilliant Roman poet and philos- 
ophc‘r. In his pcH’ni Or# the .Vuturc 
of 1 hiufis he* set forth the philosophy 
of atomistic: matc'rialism. 

.Mavrna ((irc*ok to dough) fic*ry* 
lic|uid inoltc'ii mass undc-r the hard 
crust of the* «*arth. In rhemi- 
ral roniposition it is a complex 
moltc'n silicate*. Owing to change's 
in lomporature*. prc*ssuro and other 
faertors magma di\ jdes into sc*parate 
sc‘etions: lhe*se* Noc'iions differ in 


c'ornposition; in liardc'iiing c'arh o 
ihc^m prcKlucc's a special rcK'k. 

.\Iai»mtitic or igneous rocks - rcK:ks 
fornu*d from molten magma as 
the latter cooled and hardc^nc'd. 
Oivided incc» intrusiv'e or Plutonic 
rcK'ks, i.c*., hardene'd in the interior of 
the* c-arth (granitc% peridotite, 
gabbro. c*tc.) and extrusive rcK'ks, i.e., 
forme'd from the* magma which 
poure*d out to the earth’s surface*, 
as during volcanic e-ruplions (andc-- 
site. basalt, liparite*. etc.?. 

.Magnesite while or slightly 
c‘olour<‘d minc'ral: magnesium c*ar- 
bonatc*. F.xe'c‘llent re*fractory material 
for mc'talliirgical furnaces. c*lc'. 

.Magnetite or loadstone - black, 
opacpie* mine’ial cronsisting of fc'iric 
and fe-rrous oxide’s; highly magnetic, 
somc*timc‘s forms whole* mountains 
(\Iagnitnaya and X’ysokaya moun¬ 
tains ill the* l,*rals'. \Iosl important 
iron ore. Sc-c* iron m^es. 

.Manganese ores are x’ariotis man- 
gane'se* oxide’s accuiniilaU'd amid 
st*dimc*ntary rcxks. 

Xlosl iin|>ortant manganc’soore 
minerals arc: }>silomc'lane', pyrolusite 
and manganite*. 

.Marble - ge*nc*ral name of line- 
or me-dium-crystal granular lime¬ 
stone's and dolomites capable* of 
bc’ing polishe’d. 

Vlarble's are* note*d for the* diver¬ 
sity of thc*ir colours and pattf*rns. 
X'aluable and imfiortanl building, 
te*c*hnic:al, fac:ing and de*e'orative* 
material. Snow-white* and pink 
marble’s are* ijsc'd for sc'ulpture*. 

.Mttrble onyx —ve*ine*d deposits of 
\ariously eoloure'd calc'iter. Use*d as 
be’auliful de-c'orative* stone. 

.V/rtr/- se*dime’nlary rcxrk consist¬ 
ing of clay and limc'stone mixe*d 
in various proportions (argillac'cous 
and calcarc'ous niarli. 

\larl containing 77, to 80 per 
cc'iit calcium c'arbonaie* and an tt> 
a“, pe*r c;e*nt clay is fit for prcKluc'ticjn 
of Portland c<*me*nt without any 



additions (mnc^nt marl or natural 
rrmrnt 

Jii/iss^speclfograph -- instrument t>y 
means of which it is }>ossil>lc to 
estimate the number of isotopes 
in different chemical «‘lements. 

Xlendeievile- rare black min<‘ral 
containini' niobium and tantalum. 

Afercury fulminate Hg (C >NC' • 

Whitt* or fjrey poisonous crystalline 
substance. Kxplode*s readily on bein^ 
struck, rubbed or heai<*d as well as 
under the action of certain concen¬ 
trated acids. r>ani^erous in use. l.'se<l 
as an «*xplosive, 

.\ 1 etanmrphic rocks - rcx-ks of niaj^- 
matic or sedimentary orii^in, th(*ir 
niineralo^ic'al and chemical com¬ 
position and structure changed 
{ metamorphosed ) after their forma¬ 
tion; dividetl into r<H:ks of Plutonic 
nu'tamorphism (crystalline shales, 
micaceous shales, gneisses, etc:.;, 
contact m«*tamorphism (corniferous 
rocks, tourmaline shal<*s, etc. > and 
partly remc‘lt<*d rcxk.s. 

\lctamorphistn. S<‘«' metaworphic 
rocks • 

Afeteor light phenonu-rioii in the 
form of a shtmting star caus«‘d by 
the* invasion of a small hard granule 
weighing a frac'tion of a gram 
from interplanetary space into the 
aimosphcTc* of the: earth. 

Aleieoric body —solid iron or stony 
mass weighing from a frac'iion of 
a gram to many thousands of tons 
and moving around the sun in 
interplanc'tary space* as an inde¬ 
pendent celestial body. In invading 
the atmosphere of the <*arth the 
meteoric bexly produces a meteor 
or bolide and som«*times ends by 
falling on the earth. 

.V/r/rori/r- - iron or stony mass fall¬ 
ing on the earth; remnant of a 
meteoric body which has not fully 
disintc*grati*d in the earth’s atmos¬ 
phere. 

Aleteoritics —special branch of 
scit*nc:e studying meteorites and the* 


conditions under which they fall 
on the* earth. 

A'lica -group of chemically ccjin- 
’|>lex minerals: alumc^silicates <>f 
alkalis, magnesium and iron. It 
is a characteristic ability of mic'a 
to split into very thin sheets. C’hief 
micas: white mica or muscoi’Hr — 
transparc*nt. light and potassic; bUick 
or bioiiie- from translucent to 
opaque, ric'h in iron and magnesium. 
Kncountc*rc‘d in crystals, sometimes 
of very large size. Valuable electric- 
insulation material. 

Aficaceous shale schistous rot'k 
consisting mainly of mica and 
ejuartz with a small amount of 
feldspar. 

AJicron —c>.ch> i millimetre. 

Aligration of elements —shift and 
rf*<listribution of c hemic al elements 
in the c‘arlh’s crust as a rc'sult 
of which an elc*m<*nt is dispcTsed 
in some parts and c“oncentratc*d 
in others. 

Akinefftl coal prtKlucl of large* 
accuniulaticms of vari<»us organic: 

■ mainly \ c*gcrtable - r<*mains gradu¬ 
ally changed in the course of 
g<*olc>gii:al perifKls. Kneountered in 
layers inlc-rspc'rsed with clays, sand¬ 
stone's and othc*r rocks. I.avers 
range* from a fraction of a c:c.*nlimetr<* 
to sevc-ral metres thick. N'arietics: 
anthracite^ bituminous coal and broum 
coal. 

Atineral oil, petroleum or liquid 
bitumens - brown, dark-gre-en or 
black, somc'tirnes almost c'olourless 
liquid. Kasily recognized by odour 
resembling kerosene*. Main eemsti- 
tuents of fX'troleum are c'arbon and 
hydrogen which form compounds — 
hydrcK'arbons —of extraordinarily 
divc*rse composition. Mineral 
oil ocreurs in layers and pockets 
and saturates loose or porous sedi¬ 
mentary rocks. It plays an uncom¬ 
monly im|x>rtant part in various 
branches of the national economy 
and is used chiefly as fuel. Refin- 
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iii^ profliK'rs \ ari<»us valuablr- prod- 
ucis bcnzint', kfrc>st*in*, jujasolinr, 
Inbriraiifs, asphalt. fxplo.si\rs, rtr., 
rtc. 

Alifiera/ .sftrhif* spring with lar^e 
anicHints of inorj^aiiic substanres 
Hissolvrd in its vvalc^rs. 

Xloleculr minutrst particle of 
'iiibstance which cannot be* further 
<li\ idecl without destruction of its 
physical and <'h<*mical identity. A 
iTiole<'ule consists of atoms numbt r- 
irijur from one (noble jrases; to 
thousands (proteins . 

.Mtiiyhdenii*: leafl-ijre\- iniiH*ral 

with metallii' lustre. (^hrmicall\ 
rnolybd<*num disidphide- • .MoS.^ . 
C-hit'f mol\‘bd<‘num or<*. 

Alonotnhwral con.sistinjLj of some¬ 
one mint-ial. 

AhtrioH almost black rew k < rystal: 
its f'lite Iraj^ments, how<*ver. a|>pt*ar 
brown. When earefvillv' heated 
' bak(*d in br<*ad b«*( nines litjht, 
lurtiin^ y<‘llo\\ : je\vellers lake* 

ad\-antai»e of this jirnpertN. i‘'nrther 
heatiiii< may depri\-e it of all 
<*olour. Ck>inposiii<in of the e'olour 
and its origin are sf.i!I unkrmwn. 
S<*e qitart.i. 

Xfasaics artistic pattc-rn made of 
|jarticoloiir<*d piec’es of stone, f^lass. 
wood, bone* and othc*r materials 
closely adherifii^ to each otIi<*r. 

.Mountain sickness (altitude sick¬ 
ness morbid stiitc- as a result 
of cliinbintir |<, hisrh altitudes, due to 
the* action of low atmospheric 
pressure- on man. 

Xlnrmonite rare \iolei-coloured 
min<*ral: l itanosilicate of scKlium 

from the* pegmatites of nc-pheline 
syenite's. 

Atuscoi ite. Sec* mica. 

.Vardan mineral sprint^ in the* 
c*ity of Kislovodsk, 'f'hc* salts dissolv'cd 
in its wat<*r and the* larja^e* amount 
of fre*e carbonic ac id £fi\'e it valuable 
medic trial proper tie's. 

Xefthelite. ncf^heline or eleo/ife 
ji^reyish-vvhite- or i;^re*<*nish mine*ral 


with glassy or oily lustre: alumersilt- 
cafe* chemically rich in alkalis. 

Xephelite can be used as an 
aluminium ore* in the* chemical 
industry (produc'tiori of soda, alums, 
c'tc . ■, in the* abrasive', porc'elain, 
glass and le-athc-r (it rej>lac€'s tanning 
matc'rials. indiistric's. in the manu- 
fac'ture* of wate-rproof fabrics, in 
impre'gnating wood, as a fertilizer, 
etc*. 

.Ve/f/ie/itic syenite rock erupted 
from the' inie'i'ior of the e*arth 
and I'ontairiing n<*j>he*litc', fc'ldspar, 
pyroxene and amphil>ol<*. but never 
anv t|uarlz. C )ec'urs re latively rare-ly; 
Iarge*si c one I-ntration is found on 
Kola I'e'ninsula. 

Xe/t/ntfc !nilky-\vhile. grc*y. a|>ple- 
gre-en. sc»meiimes dark, almost 
blac k-gn-e-n iniiic*ral. I.ime'-, niagne- 
sium- and iron-e'oniaining amphibole. 
< >pac]ut‘, but somewhat iranslureni 
in thin sheets. Takes polish well. 
\’e-rv- valuable*, strong and visc'oiis 
nuiterial: <-onsisis of microscopic¬ 
ally iiiterla('t‘d fibre's. l.sed as 
building anel partly as tc'chnicctl 
stone'. 

Xrfitunr i gcHl of walt*r, rivers, 
streams and rain water in the* 
rnythologv- of ancie*ni Rome*. With 
the dev c-loprne*nt of sea-iradc* Nep¬ 
tune bf'c'ame the* god of the* sea 
and the |>atron oT s<.-afarc*rs: a the- 
eighth |>lane‘t in the* solar syslc'rn; 
disc-overc'd in 

Xefflnnisrn th«-<»ry of the* c^rigin 
of ail rocks ( inc hiding ignc'ous 
rocks from aqueous sc-dime-nts. vc*ry 
popular with ge'ologists at the* end 
of the 18th anci the* be*gilining of 
the* iqth ce'iituries. 

’:i7-h8 A. D. Roman 

e*mpe'ror. 

X'eutron t'leme'nfary particle* 

carrying no electric' charge*; its 
wc-ight c*quals that of the.' proton. 
'The atomic wc-ight of a chemical 
e-l<*m<*nt corresponds to the sum 
of the* protons and ne'utrons in 
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(ho atom. I'hi* noittrons and protons 
togflhrr <-onsli(iito thr niirlf'iis of 
th<* atom, 

JK'onIronife ran* apydogrocn 

niintTal of oarlliy ap} 3 oarancf fon- 
.sisting essentially of hyxirous iron 
silicate; pnKliict of weathering of 
primary silicate. 

Ochre —yellow c’arlhy yjrocUu ts of 
oxidation of h<*a\'y metals (for 
instance*, vanadic. tungsten, ferric, 
chromic, h*ad and other oclirc-s . 

In the paint trade- dyc’s c»f iron 
hydralc-s with dilferc-nl water content 
and of different shade's, from earthy* 
yellow to r<*d. 

Octane tunnher -eon\ <-nl ional 

mi-asurc' cjf resistance to explosion 
of liquid fuc-l. Octane mimher of 
iso-«Kiane is loc^; that of the \cry 
highly detonating heptane' is (f 
Most type's of fiie -1 arrange the-ni- 
se!\es In'twcen iso-octane' and he p- 
tane. 

Olirinc or funidot yellow-'gri'cn. 
oli\ c-e'oloeire'd or ye'llow-hrow n 
translue e'lit inine'ral with glassy 
glanc e'. Silic ate* of iron and inagne- 
siiiin. 

'I'he (ranspare'iil golde'n-gree'n 
eryslals are known as c/nv\oli(e 
and are faec'ted. 

Olii inic rocks ignc'ous roe ks from 
the* in(erie»r of (he- e*artli with the 
mineral olix iiie' as their e hie-f e em* 
slitiie-ru. 

Oin’\ \ariely of agate-; eejiisists 
of layc'rs ol different colours while* 
and hiaek, white* and re*el. etc', 
'rile layers arc* flat and the liands 
straight; used for making eameers, 
c‘te. 

-mineral of amorphic -(non- 
cryslallinc*, glass^likc* > struelure; 
silica with \-ariahlt' wa(f*r eontc'iii. 
.\ole-d foi- g!e*ai \arie*iy of ai>|ic'ar- 
aiu'c*. C’hie f varietie*s - transparc'iit, 
iridc'se e'iu and e'vc*nly-c oloured 
('noble* o{>ai, hyalite*, hydro] >h;nie-. 
lire opal. c*tc. i. ordinary opals 
nejn-iridc'se*c'nt and not cjuite trans¬ 
parent (milky, waxy, etc*. and 


se-mi-opals —slightly translue <*nt or 
Ofiaqiic* containing mc'chanical ad¬ 
mixtures (agate*, jaspc'r, erhalrerdonit: 
ej]>als, c'te-'. .\hundant. in nature'-. 
prc*cipi(atc*d in hot and cold wateas. 
lairgc* amounts of opaline* sub- 
stanec* aecumulater cni sea floors 
as a result of vital activity of ma¬ 
rine* animals and yjhints ('radiolarians, 
sponges, diatomacc-ae*. e-te*. . 

t^)rc rninc'ral or rock containing 
suffie'ic'iit use*ful material tej make* 
its processing j^rofilalile-. 

Ore dcfwsits -natural accumula¬ 
tions of ore* in the* e*arth’s crust 
which by their be*ds. e*xtc*nt and 
]iere'e*ntage- of me*tal e*onte nl re*nder 
the'ir c'xploitation profitable. 

Orfnmcnt arsenic sulphide, ye llow 
mineral usually e ncountere d in le*afy 
and e'olumnar masses. 

Orthoclase. Se*e fcldsfHt). 

Osmit iridiinn rare* ])laiinuin 
mineral; natural alloy of eismium 
and iridium. 

Outcrop -place* where* rocks, veins 
and mineral deposits aele.ally eeime 
out to the* siirfae <* of the* earth. 
C>utero]Ts may lx* natural and 
artific ial (erlt'arings . 

Paleozoic era aneii*nl era in the- 
hislfiry of the <*ardi or »'ia of anc ient 
life. .Sidxlivide'd into live* periods: 
(iawbrian, Siltnian. Dcroniatu (.arhnn- 
i/erons and Permian. .\line*rals foime'd 
on die tc'iTiiory of the* I'.S.S.K. 
during the* Pale'O'^r.oie e*ra are v(*ry 
abundant. 

Pc^mafife i ' ve in rocks of varienis 
e-om]>osition forme’d from residual 
]>ar( of magma saturate'd willi 
volatile* and fusible* e-lenunls. l*e*g- 
inatiie formations may be* conne-ete'd 
with v arious re>e ks. but »', ttnitr 
/tciitnatifcs are* particularly we*!! 
know n. 'I'he*y are- note*d for v e'l y larger 
sc'gre‘gat ions of fe-ldsoar. epiari/-, 
dark and while* mica and m>t 
infre*qiie*nilv for aecumnlations e)f 
precious Slone'S and rare* iniru-rals: 
2 re-gular growth of c|nai'l'/; tlirougli 
orlli<H-la.se* with the* formal ion e»f 



struriLirrs rcsrinbliniB; ancirni charar- 
tt*rs. 

Prridatite —dark-.f;rry or black 
crystalline igneous rock consisting 
of olivine and pyroxene. Rich in 
iron and magnesiimt. 

Permian sv^/em - lax ers Tormed 
during final perio<i of Paleozoic 
era; follows C.arboniferous period. 
Name stems from Perm Region 
when‘ this system is most fully 
develojK'd and where it was first 
described. 

Permian Sea -st*a of the Permian 
syst<*m. 

Petrified //cc - j)seudomorphi>sis of 
chalcedony, <]uartz and opal in 
a tree. 

Petrfj^tafihy - division of geoU>gy 
studying th<' composition and struc¬ 
ture of rocks. 

Phenacite — bright wine-yellow, 

.somc*limes pale piiik-retl. iranspar- 
<*nt lc» s«‘mi-trai»sparent mineral; 
beryllium silicate. 

P/i<n/#/rrt/rT — com|x>unds of phos¬ 
phorus and \arious metals. In 
nature most fretju<*ntly encountered 
in (ornbination with caUium and 
flitorin«‘: apatite. ]>hospli»n*it»*, en*. 

Pho.sfihotiti’ variety <if the mineral 
apatite of a sedimentary-organogeni<- 
origin. Appears as crock- or splieri- 
cally-shap«‘d <t>ncretion with rarlial 
struc'turc. X'aluable mineral fertilizer 
if it does not contain much clay 
and limestone. 

Pla^ioclitse. S<'«* feldspar. 

Pliny the Kldei A.D.'; - 

Roman .scientist. 

r>ied during the eruption of 
Vesuvius. His ^{b-\'olurn<- JSdtural 
History, a sort of encyc lopaedia, 
has come down to our days. In 
addition to books on biology, botany 
and medicine it also includes lMK>ks 
on cosmography, min<*ralogy and 
ev«*n lh«' history of art. 

Pluto -1 ) gcxl of the imdc-rworld 
in the mythology of ancic'iit (ireec*-; 

ninth plan<*t in the solar system; 
discovered in ip.'^o. 


Plutonism —theory that all rex-ks 
resulted from the action of under¬ 
ground heat, popular at the end 
of the iKth century. 

Polarizing microscope- microscope* 
adapU‘d to studic'S of crystalline 
substances, l.’sed mainly for study¬ 
ing rcxrks and inin(‘rals. 

Polaroid film or plate* made* of 
spe*e‘ial erystals polarizing natural 
light. 

Polymetallic ore e>re containing 
s<*veral nie-tals, meist fre*que*ntly 
coppeT, zinc, l«*ad arifl silver. 

Porphyries ge*ni*ral namt* of all 
roerks with large- erystals and large- 
grains of inine-rals ( fe-lds]>ar, cjuartz) 
immersed in the- main mass which 
consists of smaller grains. 

Proton ele-irientary )>artic le- t>f 
substance < arrying a pe>siti\'«‘ elec-trie: 
charge-. I^rolons loge-ther with ne-u- 
troiis form the- nuc-leus of the- atiirn. 
rile numbe-r of protons in ihe- 
nuc‘le*us t-c]uals that e>f the ne-gati\ erly 
c'harged e'lec trons and, e onsecpie-ntly, 
the- aifunic numbe-r of the- e he-mic al 
c-lemeni. 

Protuberances or prominences ]>i-o- 
je-ciions on the* surface* of the* sun 
consisting of h»*ale'd gase*s, mainly, 
calcium and h\clre>ge*n. l-^asily 
obs(-rv<-el during full solar e-clipse- 
in the- form of fire* foiinlaiiis and 
«-ruptions ne ar the* e-dgi* of the- solar 
disk. < lulsidc- c*e lipsc-s the-y can be- 
observed only by means of a 
s|X'c trosc:ope-. 

Psendomorphosis mine-ral fc»rnia- 
tions of crystalliin- structure- or 
form atypical of the- given mineral. 
'rhe*se* niine-rals assume- tJie* extc-rnal 
form of otht*r minerals, fossilliz.i-d 
tre-es and she-lls. 

Pyrite 'xTKrw sulpliieUr: gold- 

coloure-d mineral consisting e>f 
|x:r C'cnt iron and 3.4. J pe-r ce*nt 
sulphur. \’e-ry ;ibundai;l niine-ral 
use-d mainly for the* manufacture- of 
sulphuric- acid, grt-e-n \'iiriol. alum 
and sul|>hiir. 



coliun i-*! siilphirlr e om- 
pniincls t>f copjMT siiicl (also 

fiT an<l i'obalt < vvilli mt'iallic: 

hislrc. 'Thf i**rnfi c‘amr iiitf> 
from niiruTs who ilist 
pvriU's from siiljihirli' 

I'OiripoiiTHls of the- saiiH- tYirlai.s. 
blit of ju;re-\ aiirl whili- e'oUmrs. 
I'.xiimpit-s <'<f}>pi-r )>yrit«‘ ami c'0))p(‘r 
jC^hiiict- ; c'h^tlrcK'ite- : 

l*yro\rTU‘s c hi'mi< ally-<-e»mph-v sil- 
rich in iron, e-alriuni and 
nia^nfsiiiin ; roloiirs ijri-y, y<-llo\visli 
and ijr<-ofi up to black. Cdassy lustre. 
l*yrox<*m’ has m:iny \aric-lie-s (i-nsla- 
lile. brofiy.ite. hypersthe-rie-, clioi>side 
ell . . Aui>itr is I hi* usual ri-pri-s«*nia- 
t!\<- of this i^reuiji of minerals. 

ihunf.: hard, colourless, while or 

\ ariiiusb-coloiired niinera! iSiii.^*. 
Importaiii c oiislitueril eifmany ren ks; 
one of the' most abundant inine-rals 
in iIh- earilTs < rust. < )< < iirs in 
excellently formed erystals as w<‘ll 
as in t<ranular and cimtimious 
m;isms. \ari<-ties: t rarisp;*r<‘Tit 

C|uari/,< s tork ttr.sfttJ. ftawthyst. sniokv 
(|uari/: or smoky topaz, citrine; 
semi-i ransparerit tnotion, milky, 

^r«*y, eie.; opa<{iie or<linar>- white. 
lerriijE»iiious. etc. Wielely use<l in tlu* 
marmha ture of physical and optical 
insinimenis. in precision mechanics, 
in radio-eii^iiic-erin^. in the ^lass 
and c i-raniic s industry, c-tc.; \ ahi- 

ablc- as a previous and industrial 
stone*. 

RntiioiH fit ilY pin sical plienoini-- 
non whose essence- c’onsists in the* 
fact tliat t he- atoms of some- che-mical 
ele-menis. found niitinly at th*' e-nd 
of the.' pe-rie>elic s\sie‘m, are- capable* 
of sponian«-ous disinte-irratioii. As 
a resuii of such radioactive* dis- 
inte-j^ration atoms of one* e‘leme*nl 
;ire transforme'd into those of 
another. 

Rtff/io/fn itiiis —mil rose’opically small 
imicf-rtiilar ort^anisms be*lon«4ini; to 
the* protozoa. Ke-markable- for the- 
mie'ommon xarie-iy of their ske')<*tons 
consistin^^ chiefly of silica. 


R/f/ui brine-: vvate-r saluraie cl with 
salts rlissolved in it in amounts 
e-xce-e-dini^ those in se-a-w‘atf*r: lorme-d 
in inclix ielual closed wat«*r re-s<-r\'oirs 
siibje-ct to e'OTistant inte*nsf* evapor;i- 
1 ion. 

Rniovkitv. See- fiuoritf. 

Rock crysfni transpare-m \arie-ty 
of e|uariz. t >e curs in the form of 
be‘:iutiful he-xahedral e-ryslals. 1’sc‘el 
in radii>-en^meeriij|'. Se-e- tfoarfz. 

Rock^ natural accimudat ions of 
minerals nnite-d by a cemimon 
|>r<ice-ss of formation and ]>c>.sse-ssinij; 
more- or le-ss constant composition 
and structure*. Oix-idc-d inte> mat;- 
niatie. se-dinie-niary and itwianior- 
phic. df-pc-iidin^ on oris^in. 

Roc/t A/i//. Se-e Utrlife. 

Roenftren, WUhvlm Konrad (ih4",- 
ie|v'3' wtll-knem II (German physi¬ 
cist. Hi'S name- we»n particular famc 
aftcr his dicox t-ry in 1^9', of a spe-cial 
form of radiant e-ne-rj^x . tlie- so-calIe*ei 
X-rays. 

Rnhy re-d xaric-ty of cortindum 
Lise-d in je'vx e-l|e‘r\. for be*arings in 
xvatches, ine'te-rs. e tc. .\lso prcKluct'd 
artiliciallx . Se e- corundum. 

Rathe yford„ /*.'» //rj / ' t h 7 * - *»tS 7 ' ' 

most proniine-nt l-ait*lish e-xpe-ri- 
rnental phx sicist xx ho studic*d the 
slrue:ture- of atoms and r'ldioac'tix-e* 
prene-SNes. 

Rutile ininc*ral titanium dio.xide 
rif)., •: forms re-ddish-brown crys¬ 
tals. Som«*lime-s e-ncounle-re-d thrown 
into cpiartz in the* form of fine 
fibre s, so-e alle-d “\’e*nus' hair.** 

Saline soil salurale-d xvith salts 
to the exte*ni that the*ir crusts or 
e-ryslais e'olour it white-. 

SiiUftefre potassium or sodium ni¬ 
trate. Oce-iirs in de*se*rt re*^ie»ns in 
thin xvhite- c-rusls on the- e-arih’s 
surface*, on roc ks, e-te-. I’se-d as 
fi*rtilizc-r and for production of 
e*xplosix*e*s. 

Samar.\kite rare*. x-e-lve-ty-black 
mine-ral of the niobate* and tantalate- 
£;rou)>. 



Sdtiii clisinn‘tsralrcl. loost- rock 
lbrinatit»n consistitijuf of roiinci<*cl or 
ang'-ilar trrains of s< paratr minrrals 
C|ii:iriz. frlHspar. ' ran^in.t' rr<»m 

•2 ft» o.o-^ mill- in siz<'. 

C>rt^iii fjr<»chi<'i of disiiiU'Cfi alion, 
transpori and di*|.K»sii of formrrly 
rocks. 

Sands art* wtirkcd for \arions 
purposes. l>*pcndiii.^ on their tech¬ 
nical nsrs the following sorts arc* 
disTingiiishccI; liuikling, glass, mould¬ 
ing. grinding, tiltcring sands, etc. 

S(if»t>hire. See* corundum. 

.S'ciM'/cr - ancic'iit name* t .Mttd of red 
c'haicc'clor.y ranging from light to 
deep shades, as well as from brcjwn- 
red to brown. 

Srnic - crust formt*d on I fa* surface* 
of a molte*n me*tal (iron. cop|>t*r. 
when air has acce*ss to it while 
it is be*ing [irocc'ssc'd. Tiie c'Oin- 
peisition of the* scale is inconstant 
and dt*pends on the* tempe‘rature* and 
the* excess of air during its for¬ 
mation. 

Schceic. h'nri 11 11 helm «' i 7 4 'j - 1 78b :* 
- outstanding S*%ve*dish chc*iTiisl. I.>is- 
co\e*re-d o.xNge'n, chlorine- and man¬ 
ga ne'se*. 

Scheelite opacpie* grt*yish-yeliow 
miiie*ral w itli oily lustre, c'alc iuni 
tungstate* i C4a\\'( . L'nde-r the 

action of uhra\iolei rays shows 
bf'autif'u! gree*nish-}>lue* c'olour. 
M ine*d for produe lion of tungste*ii, 
one* of the* most imprntant <*le.*i¥ients 
in me‘tal!*ngy. 

Secotulury mi./ernl:. niin<*rals origi¬ 
nated in dcfKisiis n«ar llie e*arfh\s 
surfae I’ as a ri*>uli of the de*e*oin- 
])ositie>n of jirirnary minerals und<*r 
the action of subsoil waters and the* 
oxN gen of the* air. 

Sed/men/urv racl^ siralifiee! rocks 
fornie-d as a re*siilt of jireeipitation 
of inint*ral substance's ehie*fiy from 
waie*r unde-r the ac tion of gravity, 
for example*. lini*.*stot;es. sandstone's, 
etc*. 

Sel\mof.nafth or seismometer instru¬ 
ment for regisle-ring and me*asuririg 


the v\avc*s (shocks: producc'd in the 
earth anci in <*iiginec:ring slruelure's 
by c'arihcpiake's, explosions, trans- 
j>orl, faetor\ mac'hiiie*ry, etc*. 

BSeismoto^v seie*nee about earlli- 
cpia ke's. 

Ser/ten/ine de*tise* grc*en rork of 
se*eoiidary origin eonsisting of ser- 
pc'iii inltc*, magnc*iite*, c hromite', e'tc,: 
c>fic*n shows grc'c*n, black, grey, 
while*, rf‘d anci yellow spots which 
make* it look like* siiiike skin. 

Serfientinite hvdrous magnt'sium 
silicate' containing small amounts 
of iron, e hromium and nic ke*! ; abun¬ 
dant minc*ral raiigirig in colour 
from onion-gre*en to re*ddisii-gre’en. 
l.’se'd as orname'iiial stone*. 

Sho/es tcieks vvliicfi iride*p(*tide'nl 
of thc'ir e>rigin are* charac i^-rizc'd by 
a iinc*-la\e*r striuturc* and we'll- 
pre:inc3une“cd slatiness. i.t*., ability 
te> divide* into more* or Ie*ss thin, 
Hat and paralle*! la\c*rs or slie*ets: 
may ste*m from se*dimcniary and 
from magmatic* roeks b\ means of 
nic'iamorphism. 

Shots saline* formed in piac c* of 
a dri»‘d-oul lake* witli <*le*arly pro- 
nounceci lake*sidt* line*. 

SHicutes large* group of minerals 
rt'pre*sc‘ni ing subslriric*e*s I'ontaining 
silicon anci a number of' c>lhe*r 
e!e*nie*nts iriatural sails e>f various 
silicic* acids . in 1 he* e arih's c rust 
silicate’s ceirnprise* the* I;irge*sl group 
of niint*rals. ine luding feldspars, 
mic as, liorn-blende*s, pyi e>x«*nes, kao¬ 
lin mine*rals, etc . 

SUt sediment on the* floor of 
walc*r :(*s<*rvoirs consisting mainly 
of minutest c'layc*y particles lc*ss 
than 0.01 mm. in size*. Soft ground 
with a low viscosity and rich in 
w’ale'i* is usually ealle*d sill. 

Smarntid old name of e*Fne*rakl. 

Sofftoni vok anie gas stre’ams eon- 
tainiiig hydroge’ii sulphide anel car¬ 
bon dioxide*, as we'll as a small 
amoim: of ammonia and methane. 
The bc'si-known sofhoni arc* found 
in 'i'oseaiiia fltalv.. 'l'he*v c'ontain 
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boric acicl which is <*\;tract<*tl I'or 
industrial purposes. 'The stc*ani of 
the* soffioni is list'd for h«'aling. 

SVi/V srirnrr scicnc'c about tht' 
orii^in and di‘\'«*lopmc'iit of the soil, 
the |)rc»e<*ss of dei’cloprnt'nt of its 
ferli!it>‘ and the* methods of infhi- 
eneinj^ the* soil tor < rop im|>rove- 
mem. 

Soii.^ surJace tbrniatioiis con- 
net led \\ idi the vveatherinir o! roc ks 
and remade by water, air and \ arioiis 
|jroe**sses in lh«‘ \iliil aciixily of 
plants and animals. 

Sfit'clral analv^!'^ hii'hly sensitive* 
mc'thod Cif cli'ti'rminins^ chemic'al 
composition of complex substances 
by sludyinm’ llieir spec tra. 

Sfu'CtroMtiftr tiisirijmc'iit Ibr study- 
ini? optical spet tra. 

Sf/htiicritv or zhic-hivtitie \e!low, 
brow n-red. tureen and blat k mineral 
with adamantine lustre. C^oinpound 
of zine and sulphur ;Xri. 

Mined for production of zinc*. 
Sjjhidcrite stems fre^m the Circ*-ek 
>\c>rd sftfmivyas d^*eepti^•c. 

IV»rmations on the 
floc»rs of undercfround ea\ «'s or 
t^allei'ies tof'me d by drops of wai<*r 
saturated with carbonates fallini; 
from the <‘t‘ilint^. (Gradually jt»row' 
from I hi' floor of the c'ave upward. 

niiissc’s of calciic* and 
oth:-r cv lindcr-sliapc'd minerals < rc*- 
semb^iii^ ic ic K's hanuiiit' down from 
iiH* C('iliiit(s and I'uxs of walls in 
lime rock of uiicW'i'^rcjund e;i\«'s and 
l^alleries. 

Sleft-brtn ini* supj jorl made of a 
xt-ry hard niinc'ral. mainly ruby 
(natural and synthc-lie*. L^set^ in 
prec ision mc-c lianisms. Supjjoris rap- 
idly-r<'volvini» parts. Rubies in 
watc'hes serve* as an «*xam]>l<*. 

Stihnite. See atiiimonifr. 

Stofif |»ari of a mine- working 
where minc'rals are beirit; exiraclecl. 

Strabon H.( ^-2o .\.r>. • - 

famous (irec’k |>hilosopher and his¬ 
torian. 'rrax'c'lled extensixely through 
Asia N'Jinor. Syria. R^ypi. Italy and 


firc'ece. His work Oeof*rafthy in 17 
x*oinine's has nc*arly fully conic* down 
to our days: thcr xx-ork has been 
irarislatc'd into all lant'uagc's. in- 
c'luding Russian. 

Stthihnatifni I raiisforrnaticjn ofsub- 
staiict* from cryslalliii** state* dirc-c tly 
(i.c*.. without m*'liing< into xapour. 

Sur'iw t'.duind i ff-j i - 19 i 4. Aus¬ 
trian gf'ologist. His basic scic'riiihc* 
xxork I'acc of the Karih infhit*riced 
ihc' dc\ rlo|>nicnl of rnanx' bi'anc hc's 
of treoiogx’. 

Siifu'rfho^lhhait- minc‘r;il fertilizer; 
mixture mainly of t alc iiim sulphate 
anti c ale ium phosphate*. Stiffrfihos- 
fhaU is the most w idespre-ad lerli- 
JizcT. 

Suhnsottic ivtivfs ni»*c hanic al os¬ 
cillations with a IreCjut'ncy above 
the u]>]><'r limit of auditory per- 
ce*]3t it>n. 

Svvtttie light-coloure'd ignc*oiis 
crystalline rock consisting mainly 
of feldspars and horn-blende. 

Dtifers from granite* by absence* 
of cpiariz. Niunc'd afte r the* city of 
Sy<*n<* in l'.gx'j>i. 

7 o 7 c riiag;i<*siuin slliiait*. one of 
the* softc'st minerals, coloured siK'cry- 
w'hiie, grecTiish and yelioxvish: has 
oily histri* and is shot w ith mother of 
pc*arl; oilx to the* touch. 

L'si'd in I Ilf* form of powd«*r I'or 
hxgienic' pnrpo>e's and as a lili«*r 
in the riibljer. papc'r. paint and 
oilie r branc hes of industix : its di'iisc* 
variety is called ,v/rri///<' or soafsioue 
and is us»*^l in the* form of slabs as 
lire- and acid-jiroof inatc*rial and 
as an c-lcc tric' insidator. 

teciiti's small glassy bodies found 
in many parts of the* world. 'Their 
origin is still problcrnalie. Some* 
sric*ntists belic*x'e them lobe mt'tcor- 
iie.s. 

7 ectonics branch ofgc'ology study¬ 
ing rewk dcpc^sits and their x'ariou.s 
irrc*giilaritie*s. 

'le.st fit shallow, vertical .shaft- 
like excavation sunk for prospecting 
for mineral deposits. 
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I tier's <‘vr yfllovv-browii and 
bro\vn-bla<'k qiiarlz shot with Rold 
fmin.c: to inclusions of horn-bI«*ndc 
Idircs, 

I huh V(ize:\ h'icntcfity < i84;^-i92c> :' 
threat Kussian sci<*ntist and rcvolu> 
ifonary, prominent botanist aiul 
physiolosj^ist. ar<i<*ni pr >pa^andist of 
Oarwin's c‘volulionary theory. 

I insiouf. Sett cassitrritf. 

loluene —cht'tnical compound ob¬ 
tained from coal tar and coke-furnace 
ejast's. Basic raw material for pro¬ 
duction of saccharine; used in 
manufacture of <lyes. Nitraiint; of 
toliu'ne prcKluces trotyl, one of the 
most important explosives. 

’I of»az transparent, translucent 
and opacpit*. colourless, wine-yellow, 
([greenish. l>lue and pink min<*ral 
with glassy lustre. Clhemically alu¬ 
minium lluosilu ate. Its transparent 
bcrautifully funned crystals are used 
as precious stones. 

I nurtmiltne in!n<‘ral of \ t*ry com- 
pl**x and \ariable composition 
alum-borosilicaif' of c'aUium, iron 
and niai'nesium. 0>hHirs \ary ex¬ 
traordinarily. Has st*veral vari<*ti<'s. 
L’sed as precious stotift ami as th«Tmo- 
aiid pi('/.(H*l<‘ct rical raw inal<'ria!. 

'I .siolkoi \k\\ h'onsttinihi (iBuJ-19;^7 ; 
— outstanding Russian st ientist and 
self-taiii^ht inventor; <lev<it<'d all his 
life to siientilic work in the fu-Id 
of rock<*t-flyinf^, 

'I It rtf noise -beautiful blue an<l 
bluish->2ire<-n opaque mineral with 
a dull lustre*; phosphate' of txipper 
and aluminium. Used for decorati\’e 
purposes. 

I'Urnbasic rocks rocks especially 
rich ill such metals i bases: as 
magnt'siiim, calcium and ferrous 
oxide; contain 4f| per cent silicon 
dioxide. .All noted for dark f'green 
or black- colours, are heavy and 
formed from mc*lis in the direpest 
interior of the earth's crust. 

Ultra-short zrarrs -el<*ctromagneti<' 
oscillations with a wave-length of h'ss 
than lo metres. 


l/ltrario/et tavs general term for 
I'h'ctromagm’tit' wav<*s wil'h wave¬ 
lengths of .pi.ooo \ to too X. 

i-rnroi iie chrome garnet of em<*r- 
al<l-gr<*c*n colour. 

Vnenttm spate tievoid of mailer 
in a clos«*d vessel. 

Vauquelin^ l^otti^ .Vico/as (*7^3- 
l‘V<*nch chi'inisl. Discovered 
t'hroiiiium in .Siberian red-lead ore 
in 17117. I’ll** sanii* \t*ar found the 
oxitle of a formerly unknown mt'lal, 
beryllium, in tiu* mineral beryl. 
Xlade exteiisivt* studies of substance 
of plant an<l animal origin. 

I'ein lissure in rocks liiletl with 
some mineral crvsialli/ed from tin* 
magm:i or frt>m hot or taild solu- 
tioTis. 

I'entu* hiiir rr>ck crystal, smoky 
quartz r.>r amethyst iiiciiKliiig riiiih* 
and other tibrous minerais. 

I'rrnar/slkife \rr\ rare mineral be¬ 
longing lo the groti|> of basil' hydrous 
.sulphait's of l Oj.per. Rncount<-red in 
iht* cratiT of A'esuvius. 

Vo/ranir for real.' tnff' renk of 
presstxl volcanic ash. (Colour ranges 
from gri'yish and delicate violc't 
lo black. 

li'ca/herin^ d<\slrue lion of rocks 
and mine*rals by the* ph\’sic!al and 
che iiiical action of the air and wate‘r. 

Wof/ramite brownish-black min- 
<*ral whose c*om|>osition includc's 
tungsif*n, iron and man.gane*se. Cion- 
tains up to 30 per ce-nt tungstem 
and yie*lds q“, per c<‘nt of its wcjrld 
output. I'se'il in iher manufacture 
of steel and paints. 

X-rars nr Uoen*gen rays short-wave 
elc'c'tromagnetic (‘manalions discov- 
<*r<*d by VV. K.. Roentgen in iHq",. 
Have! ('xtraordinarily exte*nsiv<! 
application in sc.'ience and <*ngin(‘e*r- 
ing. 'I'he* structure* of atoms and 
m€>le*cule*.s is studie'd by me*ans of 
X-rays. U.sed in analyzing substanca* 
for the purpose* of di.scove*ring par- 
lic'ular <“lem€*nts in it. Also vvid<‘ly 
use*d in medicane*. 

.^inc-hlen'lr. St'e sfthaUrite. 
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